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Cys.eine.Rich Seemed Proteins rcRS p s .. or „-„„ . 

°f *e present tart, ^ usefl , J\" CMP P™e,ns"). n, CRSp 

cellular processes. According talT' 8 ; 8 ™' 5 ^""e • ™*» of 
-id molecules encodjng CR ^ - ~ provjdM ^ 

5 M " uc <eic acid fta gm e„ B suitable M D " " "'T^ aC,ire P™*™ thereof, as well 
CRSP-encoding nucleic acjds " « Wrtdtafa, probes for , he de(ect .^ f 

one embodiment a CRSP 
nucleotide sequence shown jn SEp ^ *^"*** is «* homologous ,„ the 
^ another embedment, a C R SP „ a^^^™*"""^^ , B 
10 r' e0tide — ce shown in SEQ m^^f f «» * 

'" 7' -*«&««. a CRSP nucleic J ^ T ' °' * 

nucleotide sequence shown in SEQ ,D N " 7 SEoTn " *"* h0m0l ° 80us <° «- 
t *• ™A insert of the pU-Ud debited t * as A ' *" 38T« ° f 

15 3 PmeMt »™f •nyotanomeren.^a °" N ™^^ ora 
1 5 hom 0 |„ goU s to the nucleotide seauer,,-, * nUC ' e,c acid ™>fecule is 85% 
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C Accession Number »fo„ , " ° f * e plasnud ^posited with ATCC as 
CRSPnucleicacid^l i JS"^ ~« embodiment, a 
SEQ ID NO:10 , SEp [D NQ ° o ^t 80US «*«. shown in 

NO.3, or a complement thereof [„ a„„, h „ °" cleo,,ae »l«nce shown SEQ ID 
tal* es „ uc , eotjdes a CRSP „ uc , e ic acid molecule 

embodtment, a CRSP nucleic acid m„, ■ « ' ^ ano,her P^ed 

5 m ° ,eC t * * ~ showTsEQ ,D NO " d * «« 

* c:^r s ' N :r ,ated crsp nu *< - — has 

embodiment, a CRSP „„ c le ic xiA ^1, ™°°^™™ '» another 

£NO* 'nye,a„o te preferrede~e™7 ri T nU ^ 
' C °7 nSeS " ude °«« 797-848 of SEQ ID NO 4 , ^ **' m ° lecute "«her 

mser, of me plasmid deposited wid, A TCC asf/ "^"^ S ""T£g^ ™A 
complement thereof. ,„ an olher em J^ 

compnses nucleotides 1 -92 of SEQ ID No -7 , ""'k' 0 acl3 ™°lccule fimher 
CRSP nucleic acid molecule further corlri'l T ^ ■* fa " d . 

rcompnses nucleottdes 89 M 529 of SEQ ID N07 
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In another preferred embodiment, an isolated CRSP nucleic acid molecule has the 
nucleotide sequence shown in SEQ ID NO:7. 

In another preferred embodiment, an isolated CRSP nucleic acid molecule has 
the nucleotide sequence shown SEQ ID NO: 12, or a complement thereof. In another 
embodiment, a CRSP nucleic acid molecule further comprises nucleotides 538-702 of 
SEQ ID NO: 10. In yet another preferred embodiment, an isolated CRSP nucleic acid 
molecule has the nucleotide sequence shown in SEQ ID NO: 10. 

In another embodiment, a CRSP nucleic acid molecule includes a nucleotide 
sequence encoding a protein having an amino acid sequence sufficiently homologous to 
the amino acid sequence of SEQ ID NO:2, SEQ ID 5, SEQ ID NO:8, or SEQ ID NO:l 1. 
In another preferred embodiment, a CRSP nucleic acid molecule includes a nucleotide 
sequence encoding a protein having an amino acid sequence at least 60% homologous to 
the amino acid sequence of SEQ ID NO:2. In yet another preferred embodiment, a 
CRSP nucleic acid molecule includes a nucleotide sequence encoding a protein having 
an amino acid sequence at least 60% homologous to the amino acid sequence of SEQ ID 
NO:5. In yet another preferred embodiment, a CRSP nucleic acid molecule includes a 
nucleotide sequence encoding a protein having an amino acid sequence at least 60% 
homologous to the amino acid sequence of SEQ ID NO:8. In yet another preferred 
embodiment, a CRSP nucleic acid molecule includes a nucleotide sequence encoding a 
protein having an amino acid sequence at least 75% homologous to the amino acid 
sequence of SEQ ID NO:8. In yet another preferred embodiment, a CRSP nucleic acid 
molecule includes a nucleotide sequence encoding a protein having an amino acid 
sequence at least 65% homologous to the amino acid sequence of SEQ ID NO: 1 1 . 

In another embodiment, an isolated nucleic acid molecule of the present 
invention encodes a CRSP protein which includes a signal sequence and a cysteine-rich 
region, and is secreted. In another embodiment, an isolated nucleic acid molecule of the 
present invention encodes a CRSP protein which includes a signal sequence and a 
cysteine-rich region, wherein the cysteine-rich region comprises at least one cysteine- 
rich domain, and is secreted. In yet another embodiment, a CRSP nucleic acid molecule 
encodes a CRSP protein and is a naturally occurring nucleotide sequence. 

Another embodiment of the invention features CRSP nucleic acid molecules 
which specifically detect CRSP nucleic acid molecules relative to nucleic acid molecules 
encoding non-CRSP proteins. For example, in one embodiment, a CRSP nucleic acid 
molecule hybridizes under stringent conditions to a nucleic acid molecule comprising 
the nucleotides 470-2479 of nucleotide sequence shown in SEQ ID NO:l, to nucleotides 
1-475 of nucleotide sequence shown in SEQ ID NO:4, or to nucleotides 1-600 of 
nucleotide sequence shown in SEQ ID NO:7, or hybridizes under stringent conditions to 
the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 
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Accession Number , or to the nucleotide sequencex>f the DNA insert of the 

plasmid deposited with ATCC as Accession Number ^%^ m In another embodiment, 
the CRSP nucleic acid molecule is at least 500 nucleotides in length and hybridizes 
under stringent conditions to a nucleic acid molecule comprising the nucleotide 
5 sequence shown in SEQ ID NO: 1 , SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO: 1 0 or a 
complement thereof 

Another embodiment of the invention provides an isolated nucleic acid molecule 
which is antisense to the coding strand of a CRSP nucleic acid. 

Another aspect of the invention provides a vector comprising a CRSP nucleic 
1 0 acid molecule. In certain embodiments, the vector is a recombinant expression vector. 
In another embodiment, the invention provides a host cell containing a vector of the 
invention. The invention also provides a method for producing a CRSP protein by 
culturing in a suitable medium, a host cell of the invention containing a recombinant 
expression vector such that a CRSP protein is produced. 

1 5 Another aspect of this invention features isolated or recombinant CRSP proteins 

and polypeptides. In one embodiment, an isolated CRSP protein has a signal sequence 
and a cysteine-rich region which comprises two cysteine-rich domains, and is secreted. 
In another embodiment, an isolated CRSP protein has an amino acid sequence 
sufficiently homologous to the amino acid sequence of SEQ ID NO:2, SEQ ID NO:5, 

20 SEQ ID NO:8, or SEQ ID NO: 11. In a preferred embodiment, a CRSP protein has an 
amino acid sequence at least about 60% homologous to the amino acid sequence of SEQ 
ID NO:2. In another preferred embodiment, a CRSP protein has an amino acid sequence 
at least about 60% homologous to the amino acid sequence of SEQ ID NO:5. In another 
preferred embodiment, a CRSP protein has an amino acid sequence at least about 60% 

25 homologous to the amino acid sequence of SEQ ID NO: 8. In another preferred 
embodiment, a CRSP protein has an amino acid sequence at least about 75% 
homologous to the amino acid sequence of SEQ ID NO:8. In another preferred 
embodiment, a CRSP protein has an amino acid sequence at least about 65% 
homologous to the amino acid sequence of SEQ ID NO: 1 1 . In another embodiment, a 

30 CRSP protein has the amino acid sequence of SEQ ID NO:2, SEQ ID NO:5, SEQ ID 
NO:8,or SEQ ID NO:ll. 

Another embodiment of the invention features an isolated CRSP protein which is 
encoded by a nucleic acid molecule having a nucleotide sequence at least about 60% 
homologous to a nucleotide sequence of SEQ ID NO:l, or a complement thereof. 

35 Another embodiment of the invention features an isolated CRSP protein which is 
encoded by a nucleic acid molecule having a nucleotide sequence at least about 80% 
homologous to a nucleotide sequence of SEQ ID NO:4, or a complement thereof. 
Another embodiment of the invention features an isolated CRSP protein which is 
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encoded by a nucleic acid molecule having a nucleotide sequence at least about 60% 
homologous to a nucleotide sequence of SEQ ID NO:7, or a complement thereof. 
Another embodiment of the invention features an isolated CRSP protein which is 
encoded by a nucleic acid molecule having a nucleotide sequence at least about 85% 
5 homologous to a nucleotide sequence of SEQ ID NO:7, or a complement thereof. 
Another embodiment of the invention features an isolated CRSP protein which is 
encoded by a nucleic acid molecule having a nucleotide sequence at least about 70% 
homologous to a nucleotide sequence of SEQ ID NO: 10, or a complement thereof. This 
invention further features an isolated CRSP protein which is encoded by a nucleic acid 
1 0 molecule having a nucleotide sequence which hybridizes under stringent hybridization 
conditions to a nucleic acid molecule comprising the nucleotide sequence of SEQ ID 
NO: 1 , SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO: 1 0, or a complement thereof. 

The CRSP proteins of the present invention, or biologically active portions 
thereof, can be operatively linked to a non-CRSP polypeptide to form CRSP fusion 
1 5 proteins. The invention further features antibodies that specifically bind CRSP proteins, 
such as monoclonal or polyclonal antibodies. In addition, the CRSP proteins or 
biologically active portions thereof can be incorporated into pharmaceutical 
compositions, which optionally include pharmaceutical ly acceptable carriers. 

In another aspect, the present invention provides a method for detecting CRSP 
20 expression in a biological sample by contacting the biological sample with an agent 

capable of detecting a CRSP nucleic acid molecule, protein or polypeptide such that the 
presence of a CRSP nucleic acid molecule, protein or polypeptide is detected in the 
biological sample. 

In another aspect, the present invention provides a method for detecting the 
25 presence of CRSP activity in a biological sample by contacting the biological sample 
with an agent capable of detecting an indicator of CRSP activity such that the presence 
of CRSP activity is detected in the biological sample. 

In another aspect, the invention provides a method for modulating CRSP activity 
comprising contacting the cell with an agent that modulates CRSP activity such that 
30 CRSP activity in the cell is modulated. In one embodiment, the agent inhibits CRSP 
activity. In another embodiment, the agent stimulates CRSP activity. In one 
embodiment, the agent is an antibody that specifically binds to a CRSP protein. In 
another embodiment, the agent modulates expression of CRSP by modulating 
transcription of a CRSP gene or translation of a CRSP mRNA. In yet another 
embodiment, the agent is a nucleic acid molecule having a nucleotide sequence that is 
antisense to the coding strand of a CRSP mRNA or a CRSP gene. 

In one embodiment, the methods of the present invention are used to treat a 
subject having a disorder characterized by aberrant CRSP protein or nucleic acid 
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expression or activity by administering an agent which is a CRSP modulator to the 
subject. In one embodiment, the CRSP modulator is a CRSP protein. In another 
embodiment the CRSP modulator is a CRSP nucleic acid molecule. In yet another 
embodiment, the CRSP modulator is a peptide, peptidomimetic, or other small molecule. 
5 In a preferred embodiment, the disorder characterized by aberrant CRSP protein or 
nucleic acid expression is a developmental, differentiative, or proliferative disorder. 

The present invention also provides a diagnostic assay for identifying the 
presence or absence of a genetic alteration characterized by at least one of (i) aberrant 
modification or mutation of a gene encoding a CRSP protein; (ii) mis-regulation of said 
0 gene; and (iii) aberrant post-translational modification of a CRSP protein, wherein a 
wild-type form of said gene encodes an protein with a CRSP activity. 

In another aspect the invention provides a method for identifying a compound 
that binds to or modulates the activity of a CRSP protein, by providing a indicator 
composition comprising a CRSP protein having CRSP activity, contacting the indicator 
5 composition with a test compound, and determining the effect of the test compound on 
CRSP activity in the indicator composition to identify a compound that modulates the 
activity of a CRSP protein. 

Other features and advantages of the invention will be apparent from the 
following detailed description and claims. 

Brief Description of the Drawings 

Figure 1 depicts the cDNA sequence and predicted amino acid sequence of 
human CRSP-1. The nucleotide sequence corresponds to nucleic acids 1 to 2479 of 
SEQ ID NO:l. The amino acid sequence corresponds to amino acids 1 to 350 of SEQ 
ID NO:2. 

Figure 2 depicts the cDNA sequence and predicted amino acid sequence of 
human CRSP-2. The nucleotide sequence corresponds to nucleic acids 1 to 848 of SEQ 
ID NO:4. The amino acid sequence corresponds to amino acids 1 to 224 of SEQ ID 
NO:5. 

Figure 3 depicts the cDNA sequence and predicted amino acid sequence of 
human CRSP-3. The nucleotide sequence corresponds to nucleic acids 1 to 1529 of 
SEQ ID NO:7. The amino acid sequence corresponds to amino acids 1 to 266 of SEQ 
ID NO:8. 

Figure 4 depicts the cDNA sequence and predicted amino acid sequence of 
human CRSP-4. The nucleotide sequence corresponds to nucleic acids 1 to 702 of SEQ 
ID NO: 10. The amino acid sequence corresponds to amino acids I to 179 of SEQ ID 
NO:ll. 
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Figure 5 depicts the cDNA sequence and predicted amino acid sequence of 
human CRSP-like-N. The nucleotide sequence corresponds to nucleic acids 1 to 928 of 
SEQ ID NO: 13. The amino acid sequence corresponds to amino acids 1 to 242 of SEQ 
ID NO: 14. rt A ^ n 

5 Figure te^SPjjJ? ^ dmmo Jg^ ^cjueijices of human CRSP- 1 , human CRSP-2, 

(Mmman CRSP-3, afid human CRSP-4/as well as the consensus sequence generated form^ 
the alignment of these sequences. The figure details the relationship between the CRSP 
proteins of the instant invention. 

Figure 7 is a schematic diagram depicting the t^e relationship between the CRSP 
1 0 proteins of the instant invention. The figure depicts the biological and functional 

domains of human CRSP. Signal peptides are indicated by filled boxes. The cysteine- 
rich domains of a CRSP cysteine-rich region are depicted as CRD-1 and CRD-2. 

Figure 8 depicts the cDNA sequence and predicted amino acid sequence of 
murine CRSP-1 . The nucleotide sequence corresponds to nucleic acids 1 tq^afrof SEQ 
15 ID NO: 16. The amino acid sequence corresponds to amino acids 1 to 349 of SEQ ID 
NO: 17. 



Detailed Description of the Invention 

20 The present invention is based on the discovery of novel molecules, referred to 

herein as CRSP protein and nucleic acid molecules, which comprise a family of 
molecules having certain conserved structural and functional features. The term 
"family" when referring to the protein and nucleic acid molecules of the invention is 
intended to mean two or more proteins or nucleic acid molecules having a common 

25 structural domain and having sufficient amino acid or nucleotide sequence homology as 
defined herein. Such family members can be naturally occurring and can be from either 
the same or different species. For example, a family can contain a first protein of human 
origin, as well as other, distinct proteins of human origin or alternatively, can contain 
homologues of non-human origin. Members of a family may also have common 

30 functional characteristics. 

In one embodiment, a CRSP family member is identified based on the presence 
of at least one "cysteine-rich region" in the protein or corresponding nucleic acid 
molecule. As used herein, the term "cysteine-rich region" refers to a protein domain 
having an amino acid sequence of about 120-200, preferably about 130-190, more 

35 preferably about 140-1 80 amino acid residues, and even more preferably at least about 
135-175 amino acids of which at least about 10-30, preferably about 15-20, and more 
preferably about 16, 17, 18, or 19 of the amino acids are cysteine residues. In a 
preferred embodiment, a cysteine-rich region is located in the C-terminal region of a 
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CRSP protein. For example, in one embodiment, a CRSP-1 protein contains a cysteine 
rich region containing about amino acids 147-284 of SEQ ID NO:2, having 20 cysteine 
residues at the positions indicated in Figure 6. In another embodiment, a CRSP-2 
protein contains a cysteine rich region containing about amino acids 41-218 of SEQ ID 
5 NO:5, having 20 cysteine residues at the positions indicated in Figure 6. In another 
embodiment, a CRSP-3 protein contains a cysteine rich region containing about amino 
acids 85-263 of SEQ ID NO:8, having 20 cysteine residues at the positions indicated in 
Figure 6. In another embodiment, a CRSP-4 protein contains a cysteine rich region 
containing about amino acids 1-176 of SEQ ID NO:2, having 18 cysteine residues at the 
10 positions indicated in Figure 6. 

In one embodiment, a cysteine-rich region of a CRSP protein of the present 
invention includes at least one cysteine-rich domain. As defined herein, a "cysteine-rich 
domain" refers to a protein domain having an amino acid sequence of about 30-100 
amino acids, preferably about 35-95 amino acids, more preferably about 40-90 amino 

15 acids, more preferably about 45-85 amino acids, even more preferably about 50-80 

amino acids, and even more preferably about 55-75, 60-70, or 65 amino acids, of which 
at least about 3-20, preferably about 5-15, or more preferably about 6, 7, 8, 9, 10, 1 1 , or 
12 amino acids are cysteine residues. A preferred CRSP protein of the present invention 
has two cysteine-rich-domains within a cysteine-rich region. For example, in one 

20 embodiment, a CRSP-1 protein contains a cysteine rich region including a first cysteine- 
rich domain containing about amino acids 147-195 of SEQ ID NO:2, having 10 cysteine 
residues, and a second cysteine-rich domain containing about amino acids 201-284 of 
SEQ ID NO:2, having 10 cysteine residues (the positions of the cysteine residues are 
depicted in Figure 6). In another embodiment, a CRSP-2 protein contains a cysteine rich 

25 region including a first cysteine-rich domain containing about amino acids 41-90 of SEQ 
ID NO:5, having 10 cysteine residues, and a second cysteine-rich domain containing 

■> about amino acids of SEQ ID NO:5, having 1 0 cysteine residues (the positions 

of the cysteine residues are depicted in Figure 6). In another embodiment, a CRSP-3 
protein contains a cysteine rich region including a first cysteine-rich domain containing 

30 about amino acids 85-138 of SEQ ID NO:8, having 10 cysteine residues, and a second 
cysteine-rich domain containing about amino acids 182-263 of SEQ ID NO:8, having 10 
cysteine residues (the positions of the cysteine residues are depicted in Figure 6). In 
another embodiment, a CRSP-4 protein contains a cysteine rich region including a first 
cysteine-rich domain containing about amino acids 1-47 of SEQ ID NO:l 1, having 8 

35 cysteine residues, and a second cysteine-rich domain containing about amino acids 96- 
176 of SEQ ID NO:l 1, having 10 cysteine residues (the positions of the cysteine 
residues are depicted in Figure 6). 
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In another embodiment, in addition to cysteine-rich domains, the cysteine-rich 
region contains a spacer region which separates the first and second cysteine-rich 
domains. As used herein, the "spacer region" refers to amino acid residues which are 
located between the first and second cysteine-rich domains of a cysteine-rich region and 
includes amino acid residues located C-terminal to the first cysteine-rich domain and N- 
terminal to the second cysteine-rich domain. As defined herein, a "spacer region" refers 
to a protein domain of about 5-70 amino acids, preferably about 10-65 amino acids, 
more preferably about 15-60 amino acids, even more preferably about 20-55 amino 
acids, and even more preferably about 25-50, 30-45 or 35-40 amino acids. For example, 
CRSP-1 protein contains a spacer region of about amino acids 196-200 of SEQ ID 
NO:2; CRSP-2 protein contains a spacer region of about amino acids 91-137 of SEQ ID 
NO:5; CRSP-3 protein contains a spacer region of about amino acids 139-181 of SEQ 
ID NO:8; and CRSP-4 protein contains a spacer region of about amino acids 48-95 of 
SEQ ID NO:ll. 

In another embodiment of the invention, the CRSP protein has at least one 
cysteine-rich region and a signal sequence. As used herein, a "signal sequence" refers to 
a peptide containing about 20 amino acids which occurs at the N-terminus of secretory 
and integral membrane proteins and which contains a large number of hydrophobic 
amino acid residues. For example, a signal sequence contains at least about 14-28 
amino acid residues, preferably about 16-26 amino acid residues, more preferably about 
18-24 amino acid residues, and more preferably about 20-22 amino acid residues, and 
has at least about 40-70%, preferably about 50-65%, and more preferably about 55-60% 
hydrophobic amino acid residues (e.g., Alanine, Valine, Leucine, Isoleucine, 
Phenylalanine, Tyrosine, Tryptophan, or Proline). Such a "signal sequence", also 
referred to in the art as a "signal peptide", serves to direct a protein containing such a 
sequence to a lipid bilayer. For example, in one embodiment, a CRSP-1 protein 
contains a signal sequence of about amino acids 1-23 of SEQ ID NO:2. In another 
embodiment, a CRSP-2 protein contains a signal sequence of about amino acids 1-19 of 
SEQ ID NO:5. In another embodiment, a CRSP-3 protein contains a signal sequence of 
about amino acids 1-20 of SEQ ID NO:8. 

CRSP proteins of the present invention can be used to identify additional CRSP 
family members. For example, a protein having homology to CRSP-1 was identified 
using the nucleotide sequence encoding the N-terminal unique region of CRSP-1 to 
search a protein sequence database. Such a protein, referred to herein as "CRSP-like-N M 
is depicted in Figure 5. The nucleotide sequence of CRSP-like-N (SEQ ID NO: 13) 
encodes a protein having 242 amino acids (SEQ ID NO: 14). The nucleotide sequence of 
CRSP-like-N includes a 5' untranslated region containing nucleotides 1-74 of SEQ ID 
NO: 13, a coding region containing fuitSM^^is -800 of SEQ ID NO: 13 (corresponding 
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Accordingly, one embodiment ofthe invention features a CRSP nrn, • u ■ 
least one cysteine-rich reeinn A n ^u u 1Cdlu res a CRSP protein having at 

< . ncn region. Another embodiment features a PRW™,*.- u • 

5 least one cysteine-rich r P a,^ u • i_ "»iures a CRSP protein having at 

10 CRSP-l, CRSP-2, CRSP-3, or CRSP-4. ? ° f ^ mVenti ° n < e *- 

Yet another embodiment ofthe invention features a CRSP nmt • u • 
one cysteine-rich region and a «on.i ^ . protein havin 8 at Ieast 

protein having at lZt onT CVS T ^ ^ S a C ^P 

As used interchangeably herein, a "CRSP aciivitv" «k- , • . 
CRSP" or "functional activity of CRSP" r l , ' ^ aC " Vhy ° f 

35 Peptide or nucleic acid mo^Te on a CRSpT " T" * " ^ Pr ° te ' n ' 

direct activity, suc h as an association with a CRSP t . , * 15 * 

"target molecule" is a molecule with w^b a C^T ^7 * ^ 3 

"i Which a CRSP protein binds or interacts in nature, 
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CR P ^ ^ " iS J^ A CRSP ^ - ^ a non- 

CRSP molecule or a CRSP protein ctUpeptide of the present invention. In an 

exemplary embodiment, a CRSP target molecule is a membrane-bound protein (e.g . 

CRSP preceptor ) or a modified form of such a protein which has been altered such that 

5 the protem ,s soluble (e.g., recombinant* produced such that the protein does not 

express a membrane-binding domain). In another embodiment, a CRSP target is a 

second soluble protein molecule (e.g., a "CRSP binding partner" or "CRSP substrate") 

In such an exemplary embodiment, a CRSP binding partner can be a second soluble non- 

CRSP protem or a second CRSP protein molecule of the present invention 

^-atively a CRSP activity is an indirect activity, such as a cellular signaling activity 

ZZor) mteraCtl0n 0fthC CRSP Pr0t6in 3 SeC ° nd Pr ° tein (e *' 3 CRSP 
In a preferred embodiment, a CRSP activity is at least one or more of the 
following activities: (i) interaction of a CRSP protein with a membrane-bound CRSP 
receptor; (n) interaction of a CRSP protein with a soluble form of a CRSP receptor (iii) 
mteraction of a CRSP protein with an intracellular protein via a membrane-bound CRSP 

C R T^ h COmPlCX formati ° n b6tWeen 2 SOlUblC CRSP P r ° tein «* a —nd soluble 
CRSP binding partner; (iv) complex formation between a soluble CRSP protein and a 

second soluble CRSP binding partner wherein th<» ppcd u- a- 
™ nrnt . , , J "BPanner. wherein the CRSP binding partner is a non-CRSP 
protein molecule; and (v) complex formation between a soluble CRSP protein and a 
second soluble CRSP binding partner, wherein the CRSP binding partner is a second 
CRSP protein molecule. In yet another preferred embodiment, a CRSP activity is at 
least one or more of the following activities: (1) modulation of cellular signal 
transduction, either in vitro or in vivo; (2) regulation of gene Ascription in a cell 
mvolved ,n development or differentiation, either * vitro or in vivo; (3) regulation of 
U gene transcription in a cell involved in development or differentiation, wherein at 

least one gene encodes a differentiation-specific protein^) regulation of gene 
Conscription in a cell involved in ^development «&ffijffig^ at least one 
gene encodes a second secreted protein; (5) regula^n of gene transcription in a cell 
involved in development or differentiation, wherein at least one gene encodes a signal 
transduction molecule; and (6) regulation of cellular proliferation, either in vitro or in 
™. As referred to herein, "differentiation-specific proteins" include proteins involved 
in the ttansition of a cell from the undifferentiated to the differentiated phenotype For 
example, such proteins can be differentiation specific structural proteins or 
differentiation-specific transcription factors. Such differentiation-specific proteins are 
generally expressed at higher levels in cells which are making the transition from the 
undifferentiated to the differentiated phenotype (e.g., during embryonic development or 
O during regeneration of mature tissue in the adult animal), or are higher leV els 
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in fuUy^ifferentiated or ,erminally«fifferen,iated ce||s „ co 

8 t:?::,T T erp r • A,so - - rcfared to ^—tUc 

genes mc.ude nude.c ac.d molecules which encode differemiation-specific proleins 
Accord,„g ly , another embodiment of the invention features isolated cTsP 
5 prote.ns and polypeptides having a CRSP activity Preferred CRSP , . 

■east one cysteine-rich reg i„n a„d a CRSP activity ^r if Tt * 
theCR^P™-,^- u , iy ' ln corner preferred embodiment 

10 ys,e,„e-r,ch region comprises a, ieast two eysteine-rich domains and a CRSP 1- , 
in ye, another preferred embodiment, a CRSP protein farmer J^^ZT"*' 

human CRSP protem contains an N-terminal signal sequence and a cysteL rich re ■ 
compnsing two cysteine-rich domains A CRSP cvJ- • u V 5 *™-™* region 

fc^^rr" a r cysttine - rich ^ *» ~ 

<,nenriK, et al. (1997) Protein Engineering 101-6) 
^ »«»-« CRSP-2 cDNA, which is approximate* 848 nucieotidcs in le„«h 

"-mple.tromabou^^ 
human CRSP protem contams an N . termina , sig „ a , sequence ^ a ^ ^ 
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least, for example, from about amino acids 85-263 of SEQ ID NC-8 The CRSP 3 

~Q h ,D NoTJ^ 3 f r CyS ' eine - riCh d ° main *» «"*» «** 85- 

263 of SEQ D NO, ^^XTf d ° main ^ ^ ^ "* ' 82 - 
v human CRSP-3 protein is a secreted protein which further 

contams a stgnal sequence a, about amino acids l-20ofSEQiDNO-8 

The human CRSP-4 cDNA, which is approximately 702 nuclides in length 
encodes a protetn which is approximately , 79 amino acid residues in ,engm 

o™ Tear r ins : cy ~ re8ion — * -» 

B . • . vuJJiu.it. Ine CRSP-4 cysteine-nch region comprises » 

first cystetne-nch domain from about amino acids 1-47 of SEQ ID NO l . Th „ 
cysteine-rich domain from about amino acids 96-176 of SEt! > m m i, . 

subsectilT" ^ ° f ^ inVen,i °" ™ d ™ to * «* '""owing 



I. Isolated Nf.^l^.V Acid Mnlprnl^ 

20 encode CRSpT, 77*" '° ^ ""^ ad « »*«'- - 

encode CRSP protetns or b.ologtcally active portions thereof, as well as nucleic acid 

aX"g cSp"' £ a 7 ^ hybridiZati °" ^ * CRSP — " 1 
lotion o'f CRSP ^ ' «" » - "CR Primers for the amphftcation or 

nation of CRSP nucletc acd molecules. As used herein, the term "nucleic acid 

25 " " TT " '° faClUde ^ " ^ CDNA « and 
RNA molecules (e.g., mRNA) and analogs of the DNA or RNA generated using 

nuclide analog, The „uc,eic acid molecule can be single-strled ortZ 
stranded, but preferably is double-stranded DNA 

acid motclTr' h nUdeiC "* m0leCU ' e " °" e WWCh iS S ™ *» «■» -e.eic 

iO ^sITm" " PreSe °' m *" """^ S0Urce ° f <*< ™*" -id. Preferably an 

'0 .dated nucleic acd is free of sequences which naturally fl^ the nucleic aci / f " 

sequences located a, the 5- and 3' ends of the nudeic acid) in the genomic DNA of the' 

organtsm from which the nucleic acid is derived For ex„ m „l, • T 

the isolate rpso ,• . . "envea. for example, in various embodiments, 

,11 n ^ k ! aC ' d m °' eCUle Can COnain tes 5 kb, 4kb 3kb 2Kb 

1 , 0. kb or 0. 1 kb of nuclide sequences which naturaUy flank the nuclei 

"e:. 8 :r ,c t Tr from wwch "* * m-^,. 

of othe tn , 1 ' SUC " * 3 ° DNA m0,K;ulc - c » <* «*— *lly free 

of other ce„u,ar materia,, or culture medium when produced by recombinant technic, " 
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15 



or substantially free of chemical precursors or other chemicals when chemically 
synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 
having the nucleotide sequence of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ 
5 ID NO.10, the nucleotide sequence of the DNA insert of the plasmid deposited with 
O ATCC as Accession Number Wfthe nucleotide sequence of the DNA insert of the 

plasm,d deposited with ATCC as Accession Number , or a portion thereof can be 

isolated using standard molecular biology techniques and the sequence information 
provided herein. Using all or portion of the nucleic acid sequence of SEQ ID NO 1 
SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO: 10, or the nucleotide sequence of the ' 

DNA insert of the plasmid deposited with ATCC as Accession Number or the 

nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as' 
O Accession Number^ as a hybridization probe, CRSP nucleic acid molecules can be 

isolated using standard hybridization and cloning techniques (e.g., as described in 
5 Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory Manual 
2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press Cold 
Spring Harbor, NY, 1 989). 

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID 
NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO:10, or the nucleotide sequence of 

20 the DNA insert of the plasmid deposited with ATCC as Accession Number or 

the nucleotide sequcqwjjthe DNA insert of the plasmid deposited with ATCC a.' 

ry Accession Number can be isolated by the polymerase chain reaction (PGR) using 

synthetic oligonucleotide primers designed based upon the sequence of SEQ ID NO l 
SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO:10, or the nucleotide sequence of the ' ' 

25 DNA insert of the plasmid deposited with ATCC as Accession Number or the 

nucleotide sequencer/the DNA insert of the plasmid deposited with ATCC as' 
£^ Accession Number 1<^^ . 

A nucleic acid of the invention can be amplified using cDNA, mRNA or 
alternatively, genomic DNA, as a template and appropriate oligonucleotide primers 
according to standard PCR amplification techniques. The nucleic acid so amplified can 
be cloned into an appropriate vector and characterized by DNA sequence analysis 
Furthermore, oligonucleotides corresponding to CRSP nucleotide sequences can be 
prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises the nucleotide sequence shown in SEQ ID NO:l. The sequence of SEQ ID 
NO:l corresponds to the human CRSP-1 cDNA. This cDNA comprises sequences 
encoding the human CRSP-1 protein (i.e., "the coding region", from nucleotides 38- 
1087), as well as 5' untranslated sequences (nucleotides 1 to 37) and 3' untranslated 



30 



35 
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sequences (nucleotides 1088 to 2479). Alternatively, the nucleic acid molecule can 
comprise only the coding region of SEQ ID NO:l (e.g., nucleotides 38 to 1087, 
corresponding to SEQ ID NO:3). 

In another preferred embodiment, an isolated nucleic acid molecule of the 
5 invention comprises the nucleotide sequence shown in SEQ ID NO:4. The sequence of 
SEQ ID NO:4 corresponds to the human CRSP-2 cDNA. This cDNA comprises 
sequences encoding the human CRSP-2 protein (i.e., "the coding region", from 
nucleotides 126-796), as well as 5' untranslated sequences (nucleotides 1 to 125) and 3' 
untranslated sequences (nucleotides 797 to 848). Alternatively, the nucleic acid 
1 0 molecule can comprise only the coding region of SEQ ID NO:4 (e.g., nucleotides 1 26 to 
796, corresponding to SEQ ID NO:6). 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises the nucleotide sequence shown in SEQ ID NO:7. The sequence of 
SEQ ID NO:7 corresponds to the human CRSP-3 cDNA. This cDNA comprises 
1 5 sequences encoding the human CRSP-3 protein (i.e., "the coding region", from 

nucleotides 93-890), as well as 5' untranslated sequences (nucleotides 1 to 92) and 3' 
untranslated sequences (nucleotides 891 to 1529). Alternatively, the nucleic acid 
molecule can comprise only the coding region of SEQ ID NO:7 (e.g., nucleotides 93 to 
890, corresponding to SEQ ID NO:9). 
20 In another preferred embodiment, an isolated nucleic acid molecule of the 

invention comprises the nucleotide sequence shown in SEQ ID NO: 10. The sequence of 
SEQ ID NO: 1 0 corresponds to the human CRSP-4 cDNA. This cDNA comprises 
sequences encoding the human CRSP-4 protein (i.e., "the coding region", from 
nucleotides 1-537), as well as 3' untranslated sequences (nucleotides 538 to 702). 
25 Alternatively, the nucleic acid molecule can comprise only the coding region of SEQ ID 
NO: 10 (e.g., nucleotides 1 to 537, corresponding to SEQ ID NO: 12). 

In another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleic acid molecule which is a complement of the nucleotide 
sequence shown in SEQ ID NO. l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO: 10, the 
30 nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

Accession Number , the nucleotide sequence of the DNA insert of the plasmid 

d/ deposited with ATCC as Accession Number ^ZJor a portion of any of these 
nucleotide sequences. A nucleic acid molecule which is complementary to the 
nucleotide sequence shown in SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID 
35 NO : 1 0, or the nucleotide sequence of the DNA insert of the plasmid deposited with 

ATCC as Accession Number , or the nucleotide sequence of the DNA insert of the 

plasmid deposited with ATCC as Accession Number ^ ,is one which is sufficiently 
complementary to the nucleotide sequence shown in SEQ ID NO:l, SEQ ID NO:4, SEQ 
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ID NO:7, or SEQ ID NO:10, or the nucleotide sequence of the DNA insert of the 

plasmid deposited with ATCC as Accession Number , or the nucleotide secni^nce 

Oof the DNA insert of the plasmid deposited with ATCC as Accession Number 1 

such that it can hybridize to the nucleotide sequence shown in SEQ ID NO: 1 , SEQ ID 
5 NO:4, SEQ ID NO:7, or SEQ ID NO: 10, or the nucleotide sequence of the DNA insert 

of the plasmid deposited with ATCC as Accession Number , or the nucleotide 

seauence of the DNA insert of the plasmid deposited with ATCC as Accession Number 

^ j^i thereby forming a stable duplex. 

In still another preferred embodiment, an isolated nucleic acid molecule of the 

10 present invention comprises a nucleotide sequence which is at least about 60-65%, 

preferably at least about 70-75%, more preferable at least about 80-85%, and even more 
preferably at least about 90-95% or more homologous to the nucleotide sequences 
shown in SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO: 10, the 
nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

15 Accession Number , the nucleotide sequence of the DNA insert of the plasmid 

deposited with ATCC as Accession Number or a portion of any of these 

nucleotide sequences. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion 
of the nucleic acid sequence of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, SEQ ID 

20 NO: 10, the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC 

as Accession Number , or the nucleotide sequencg of the DNA insert of the 

plasmid deposited with ATCC as Accession Number ^ for example a fragment 

which can be used as a probe or primer or a fragment encoding a biologically active 
portion of a CRSP protein. The nucleotide sequence determined from the cloning of the 

25 human CRSP genes allows for the generation of probes and primers designed for use in 
identifying and/or cloning CRSP homologues in other cell types, e.g., from other tissues, 
as well as CRSP homologues from other mammals. The probe/primer typically 
comprises substantially purified oligonucleotide. The oligonucleotide typically 
comprises a region of nucleotide sequence that hybridizes under stringent conditions to 

30 at least about 12, preferably about 25, more preferably about 40, 50 or 75 consecutive 
nucleotides of a sense sequence of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, SEQ 
ID NO: 1 0, the nucleotide sequence of the DNA insert of the plasmid deposited with 

ATCC as Accession Number , or the nucleotide sequence of the DNA insert of the 

plasmid deposited with ATCC as Accession Number ^ of an anti-sense sequence 

35 of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO: 10, the nucleotide 

sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 

, or the nucleotide sequence of the DNA insert of the plasmid deposited with 

ATCC as Accession Number _Jr_^_, or of a naturally occurring mutant of SEQ ID 
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NO:l, S EQ ID NO:4,SEQIDNO:7, S E01DNO-.0,h, , •„ 

DNA insert of.be plasmid deposed wieh ATC^ i * ^ 

nucleotide seouence of .he DNA insen of dTf ■i^r"" NUmber « *• 

O Accession Number ' Jfc> ,„ ^ ^If P 'T ^ ATCC - 
= present invention co^ I ^™ " ^ 

hybridization condi(ion P s (o a n ~ ~ wh.ch hybridizes under stringent 

preferred embodiments the„rnh,«„i, homologous proteins. I„ 

*e ,abe, grou P « £ ^^ZTT ' " W ^reto, e,., 

-facto, Such probes can be « Tal a I T" - " ~ « " 

or tissue which misexpress a Zo t I ^ *" tt f ° r '"^"S -lis 
'5 encoding nucleic acid in samplof cTfr" " * 3 M ° f * CRS *- 

-evels or defining ^IJ^ZTT ^ ^ ^ 

A nucleic acid fragment LI a"b i , Itac,™ ' i ° k <"'- 

» ^1>^^^«*™> T «*+J i E0,D 

C DNA insert of the pla s m id deposited with AT^c7 s ' a "SS" ° f te 

encodes a po Iypeptid e h^,, a CRSP ™* ^ 33 ACCeSS ' on Num ^ US which 
CRSP proteins have previouT Zn^TT * ^ **** 
CRSP protein (e.g., by reTmbint, . ^ 
» encoded portion of * " '" ^ ^ <™< 

NO:l0, me nucleotide seauer.ee oL IT ^ ' D 

as Accession Number or me nucleol P deP ° Sittd with A TCC 

^30 « deposited „ — c ^ r ~ ^3^e DNA insert of the 

genetic code and thus encode the same CRW„ , • " *8eneracy of the 

nudeotide se q ue„ce shown in * - 

NOMO, me nuCeotide sequence of me DNA m^ f the ^ ^ ^ ^ ' D 
as Accession Number 0 rthe„, I *-J °f the plasmid deposited with ATCC 

Ptemid deposited ^ ; ~ u :s c «S ,h ; DNA r - ° f 

isolated nucleic acid molecule of the invent;™ k ' er embodim ent, an 

protein having an amino acid sel T * nUde ° tide SCquence enco *ng a 

NO:8, or SEQ ID NO: 1 1 ^ * $EQ ID N0:2 ' SE Q © NO: 5, SEQ ID 
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In addition to the human CRSP nucleotide sequences shown in SEQ ID NO:l, 
SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO: 10, the nucleotide sequence of the DNA 

insert of the plasmid deposited with ATCC as Accession Number , or the 

nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 
5 Accession Number ^f^^, it will be appreciated by those skilled in the art that DNA 
sequence polymorphisms that lead to changes in the amino acid sequences of the CRSP 
proteins may exist within a population (e.g., the human population). Such genetic 
polymorphism in the CRSP genes may exist among individuals within a population due 
to natural allelic variation. As used herein, the terms "gene" and "recombinant gene" 
10 refer to nucleic acid molecules comprising an open reading frame encoding a CRSP 
protein, preferably a mammalian CRSP protein. Such natural allelic variations can 
typically result in 1-5% variance in the nucleotide sequence of a CRSP gene. Any and 
all such nucleotide variations and resulting amino acid polymorphisms in CRSP genes 
that are the result of natural allelic variation and that do not alter the functional activity 
15 of a CRSP protein are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding CRSP proteins from other species, 
and thus which have a nucleotide sequence which differs from the human sequence of 
SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO: 10, the nucleotide sequence 

of the DNA insert of the plasmid deposited with ATCC as Accession Number , or 

20 the nucleotide sequgie^^ the DNA insert of the plasmid deposited with ATCC as 

Accession Number J_ are intended to be within the scope of the invention. For 

example, a murine CRSP-1 cDNA has been identified based of the nucleotide sequence 
of human CRSP-1. The nucleotide sequence of murine CRSP-1 (SEQ ID NO: 16) 
encodes a CRSP-1 protein having 349 amino acids. The nucleotide and amino acid 
25 sequences of murine CRSP-1 are depicted in Figure 8. The coding region of murine 
CRSP-1 is represented by SEQ ID NO: 18. 

Nucleic acid molecules corresponding to natural allelic variants and homologues 
of the CRSP cDNAs of the invention can be isolated based on their homology to the 
human CRSP nucleic acids disclosed herein using the human cDNA, or a portion 
30 thereof, as a hybridization probe according to standard hybridization techniques under 
stringent hybridization conditions. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the 
invention is at least 1 5 nucleotides in length and hybridizes under stringent conditions to 
the nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:l, SEQ ID 
35 NO:4, SEQ ID NO:7, SEQ ID NO:10, the nucleotide sequence of the DNA insert of the 

plasmid deposited with ATCC as Accession Number , or the nucleotide seauence 

of the DNA insert of the plasmid deposited with ATCC as Accession Number 9*^3 In 
other embodiment, the nucleic acid is at least 30, 50, 100, 250 or 500 nucleotides in 
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length. As used herein, the term "hybridizes under stringent conditions" is intended to 
describe conditions for hybridization and washing under which nucleotide sequences at 
least 60% homologous to each other typically remain hybridized to each other. 
Preferably, the conditions are such that sequences at least about 70%, more preferably at 
5 least about 80%, even more preferably at least about 85% or 90% homologous to each 
other typically remain hybridized to each other. Such stringent conditions are known to 
those skilled in the art and can be found in Current Protocols in Molecular Biology, 
John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting example of 
stringent hybridization conditions are hybridization in 6X sodium chloride/sodium 
10 citrate (SSC) at about 45°C, followed by one or more washes in 0.2 X SSC, 0.1% SDS 
at 50-65°C. Preferably, an isolated nucleic acid molecule of the invention that 
hybridizes under stringent conditions to the sequence of SEQ ID NO:l corresponds to a 
naturally-occurring nucleic acid molecule. As used herein, a "naturally-occurring" 
nucleic acid molecule refers to an RNA or DNA molecule having a nucleotide sequence 
1 5 that occurs in nature (e.g., encodes a natural protein). 

In addition to naturally-occurring allelic variants of the CRSP sequences that 
may exist in the population, the skilled artisan will further appreciate that changes can be 
introduced by mutation into the nucleotide sequences of SEQ ID NO:l, SEQ ID NO:4, 
SEQ ID NO:7, SEQ ID NO: 10, the nucleotide sequence of the DNA insert of the 

20 plasmid deposited with ATCC as Accession Number , or the nucleotide seguence 

f\ of the DNA insert of the plasmid deposited with ATCC as Accession Number ^ ^^" f 
thereby leading to changes in the amino acid sequence of the encoded CRSP proteins, 
without altering the functional ability of the CRSP proteins. For example, nucleotide 
substitutions leading to amino acid substitutions at "non-essential" amino acid residues 
25 can be made in the sequence of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, SEQ ID 
NO: 10, the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC 

as Accession Number , or the nucleotide sequence of the DNA insert of the 

^ plasmid deposited with ATCC as Accession Number 3^*? a "non-essential" amino 
acid residue is a residue that can be altered from the wild-type sequence of CRSP (e.g., 
30 the sequence of SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or SEQ ID NO:l 1) 
without altering the biological activity, whereas an "essential" amino acid residue is 
required for biological activity. For example, amino acid residues that are conserved 
among the CRSP proteins of the present invention, are predicted to be particularly 
unamenable to alteration. Furthermore, amino acid residues that are conserved between 
35 CRSP protein and other proteins having cysteine-rich domains are not likely to be 
amenable to alteration. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding CRSP proteins that contain changes in amino acid residues that are not 
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essential for activity. Such CRSP proteins differ in amino acid sequence from SEQ ID 
NO:2, SEQ ID NO:5, SEQ ID NO:8, or SEQ ID NO: 1 1 yet retain biological activity In 
one embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence 
encoding a protein, wherein the protein comprises an amino acid sequence at least about 
5 60% homologous to the amino acid sequence of SEQ ID NO:2, SEQ ID NO:5 SEQ ID 
NO:8, or SEQ ID NO: 1 1 . Preferably, the protein encoded by the nucleic acid molecule 
is at least about 65-70% homologous to SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or 
SEQ ID NO:l 1, more preferably at least about 75-80% homologous to SEQ ID N02 
SEQ ID NO:5, SEQ ID NO:8, or SEQ ID NO:l 1, even more preferably at least about' 
1 0 85-90% homologous to SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or SEQ ID 

NO: 1 1, and most preferably at least about 95% homologous to SEQ ID NO 2 SEQ ID 
NO:5, SEQ ID NO:8, or SEQ ID NO: 1 1 . 

An isolated nucleic acid molecule encoding a CRSP protein homologous to the 
protein of SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or SEQ ID NO: 1 1 can be 
1 5 created by introducing one or more nucleotide substitutions, additions or deletions into 
the nucleotide sequence of SEQ ID NO.l, SEQ ID NO:4, SEQ ID NO:7, SEQ ID 
NO.10, the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC 

^ as Accession Number , or the nucleotide sequence of the DNA insert of the 

W plasmid deposited with ATCC as Accession Number 6 / ™\ such that one or more 
20 amino acid substitutions, additions or deletions are introduced into the encoded protein 
Mutations can be introduced into SEQ ID NO.l, SEQ ID NO:4, SEQ ID NO: 7, SEQ ID 
NO:10, the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC 

as Accession Number , or the nucleotide sequence ofthe DNA insert of the 

plasmid deposited with ATCC as Accession Number^^bv standard techniques, 
25 such as site-directed mutagenesis and PCR-mediated mutagenesis. Preferably, 

conservative amino acid substitutions are made at one or more predicted non-essential 
amino acid residues. A "conservative amino acid substitution" is one in which the 
amino acid residue is replaced with an amino acid residue having a similar side chain. 
Families of amino acid residues having similar side chains have been defined in the art. 
30 These families include amino acids with basic side chains (e.g., lysine, arginine, 

histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side 
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), 
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine 
metmonine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) 
35 and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a 
predicted nonessential amino acid residue in a CRSP protein is preferably replaced with 
another amino acid residue from the same side chain family. Alternatively, in another 
embodiment, mutations can be introduced randomly along all or part of a CRSP coding 
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£o£ 1? " 1 mU,ageneSiS - Md "» — can be screened 

for CRSP btolog.cal acttv.ty ,„ identify mutants that retain activity. Following 

expressed recombinant and the activity of the protein can be deLtl 

In a preferred embodiment, a mutant CRSP protein can be assayed for n 1 ,h. 
ab„„y ,„ module cellular signa, transduction, either * «,ro or ^ 

t> ~:::r a cel ,' invo ' vKi m - 

^.v,vo (3) regulate gene transection in a cell involved in ^development or 

dtfeenttatton, wherein a, leas, one gene encodes a dHfcJL.^ " «, 
Oguiate gene transcription in a celi invoked in in development o^slUg? ' ' 
wherem a, ,eas, one gene encodes a second secreted protein; (5) 
15 transcnptton ■„ a cell involved in development or differentiation vLreinTL, 



20 



25 



30 



35 



In addition to the nucleic acid molecules encoding CRSP proteins described 

whtch , complementary to a "sense" nucleic acid encoding a protein e g 
complement to the coding strand of a double-stranded cDNA mofecule'or 
complementary to an mRNA sequence. According*, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. Ike antisense nucleic acid can bj 
complementary to an entire CRSP coding stand, or to only a portion thereof !n one 
embodtmen, an antisense nudeic acid molecule is antisenL to a "cod^l„" of 1 
oodmg strand of a nucleotide sequence encoding CRSP. TT,e term "codTng ITon" 

region of human PRWi J "responds to SEQ ID NO:6, the coding 

g on ot human CRSP-3 corresponds to SEQ ID NO:9, the coding region of human 
CRSP-4 corresponds to SEQ ID NO 1 2 and th* • 

ivj i\kj. iz, and the coding region of human ri?<5P uu xr 

cotresponds to SEQ ,D NO:,5,. ,„ another embodiment, I antise"^ 
molecule ,s antisense ,„ a "noncoding region" of the coding strand of a nucleotide 
sequence encoding CRSP. Tne term "noncoding region" refers to ^T^L. 
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30 



35 



■n ?™ COdinS S<nmd sequences encodin « CRSP disclosed herein (e . SEO 
ID NO:3, SEQ ,D NO :6, SEQ , D NO:,, „ r SEQ ID N0: ,2), antisense j£t££ 

t:r can desiened acc ° rding ,o *• ^ ° f - cne k tase^ 

5 SsHZ "h " Cid m °' eCUle ^ " "»"*~~" - «■» entire coding regTn of 
™rT„ 1 d m0rC PreferaWy " M 0,i *™* *ch is antisense 
po«,o„ of the eod.ng or noncoding region of CRSP mRNA. For example, 4, antisense 

o ~^n be C0mPlemeMa ' 7 '° re8i ° n ™ - ™» « 
25 30 35 A "r SenSe0 ' ig0nUCle0 ' ideCanbe ' f0r ^ l ^ l -«5, ,0, ,5 20 

10 1 b!' t 7 nUCle0 " deS " ' e " 8th ' ' <»e inven ion 

can be conned us,ng chemical synthesis and enzymatic ,iga,io„ reactions using 
procedures known i„ the an. For example, an antisense nucleic acid (e.g. Z tisense 
ohgonucleotide) can be chemicaUy synthesized using natinaHy occurring ZZZZ 
vanous y modified nucleotides designed to increase the biological stabil^ * 
moiecuies or to .ncreas. the physica, stabi.ity of the duplex formed betwel me 

5 antisense and sense nucieic acids, e.g., phosphorothioate derivatives and acridine 
substituted nucleotides can be used. Examples of modified nuclides wMch cl be 
used to generate the antisense nucieic acid inciude 5-fluorouracil, 5-bromo^cU 5 
chloroun.c.1, 5-iodouraciI, hypoxanthine, xantinc, 4-acetylcytosme 5- 

(^yMroxyl m emyl) Ma cil,5-carboxymemy 1 ami„o m emy 1 .2- n tiouridi„e 5- 
carboxymemyiaminomemyiu.cil, dihydrouracii, beta-D-gaiactosylqueosine 'inosine 
N6-,sope„,e„yladeni„e, ,-methylguanine, , -methyiinosine. 2.2-dimethy an e 
2-me*y adenine, 2-methylguanine, 3-me,hy,cy,„sine, J-methyicytosine, N ^enine 
^guanme S-methylaminomethyhaacH, 5-methoxya m i n omethy 1 -2.miotr 
be ra -D-mannosylaueosme, S^ethoxycarboxymethyluracil, 5-methoxyuraci, 
2-memyl«mo-N6-,sope„,e„yladeni„e, uracii-5-oxyacetic acid (v), wybutoxosine 
pseu ou.cii uueosi„e,2- m iocy,osine,5-memy I -2-Uuourac il ^ 

me^ 7,1 UraCi '" 5 - ° XyaCe,iC - ' ^«-5-oxyace,ic acid « ' 

S-memyl-Z-thtouraci, 3-(3-amino-3-N-2-carboxypropyl) uracii, (a c p 3)w, J 

2 6-d,ammopunne. Alternatively, the antisense nucleic acid can be produced 
btotog^iy us ng m expression yector imo wh . ch a 

an antisense «_„ (i.e., RNA transcribed from the inserted nucleic acid will be of 
^ antisense onentation to a Urge, nucieic acid of interest, described further in I 
following subsection). 

to a sub^c, 0 7; S ™ WC aCid ™<™>« ° f «* mention are typicatiy administered 
«o a subject or generated ,„ s „u such tha, they hybridize win, or bind to cellular mRNA 

^2*17: mh tr 0ding 3 CRSP Pr0,ein '° '^^ inhiWt — ' ° f ^ 
protem, e.g. by ,nh,b,„ n g tianscnption and/or translation. The hybridization can be bv 

conventional nuclide complement ,„ form a stab,e duplex^,, for exlpTe Tl 
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^mistration of ^ ^ X o t u :*; he " X ' " ^ <*■ of 
'"Jecon at a tissue site. Alternatively ami I- ^ ' nVe °"° n ^ 
5 » **• —* cei,s and men adm 1~ ""^ ^ « be modified 

-P.- o, an,^ expressed „„ . sele^l ^ ^^iy bmd t0 
-*« acd moiecules ,„ pe ptides or **> * <■» antisense 

aniens. The antisense „ ucleic acid mole ^ * f ^ to «*» receptors „ r 
' " ^ To achieve nmZZlZ ^ ^ '° «» 

~ vector cons.n.c.sinwheh™ '"""""^"-f^ 

P-aced under the contol of a » *! ""^ «* ™>iecu,e i s 

yet another embodi me „, 1 ' , * ' Promoter « Preferred. 
* --anomeric nucleic acid 1 c^ ~ "o" 0 ' ^ ~ «"* Mention 
' 5 Speaf " *>ub,e-stranded hybrids with C0D ^ ™ acid m °'^e forms 

the strands I paj^ " ^ ^ to 

-^nbonuc, eotide (t „oue „ „ ^ f « « aiso comprise . ^ 

20 In still another embodiment an anf 2,5 «M30). 

^ozyme. Ribozymes are „ Z c ZT^?^ ^ ~ h a 
capabie of Ceaving a ^^^1^ T "** « 

"ave a commentary region "* ,c ««* as an mRNA, to ^ ^ 

fNA. A ^ having specif ~n of CRSP 

destgned based upc me nucleotj(Je J^ t ^-« ta « «■* «eid can be 
SBQ .D NO:,, SEQ , DN0 :4, SEQ ~ disposed herein (i ,„ 

30 T T A inxn of * e pteraM ^I;r A Q T cc : 0, "* nuc,eo,ide ~ 

the nucleotide sequence of the ™/ ° WUl ATCC as Accession Number 
C/ Accession N-l^«^T ^ ^ d ^ ited ^CclT ' 
- ^ constated i^ toJS'J 0 ™** °" ^>"VS RNA 

*? ~ to be cC ~ ° f * - complement 

* US. Patent No. 4,9 8 7,07, : a„ d Cech u s P " ^ ""^ ^ e 
5 ™ SP mRNA - be used to seiec, a cajl ^ A ^ N °' 5 ' U6 ' 7 «- Ahematively, 
a«™.y from a poo, of rna mo,ecu,es s2 Tn 7 * *°" u ^ 
&«»«26I:1411.M1*. ' ' g ' ,Banel ' D -an<ISzostak,J.W.(l093 ) 
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exp r on cm to inhibi, « i * *-« 

mpiementary to the regulatoiy region oftheCRSP fee thePR^p 

0992, Bioassoys U^otT " 66 ° :27 - 36; M ^ LJ 

improve, e.g. l ^ 2^ "'* "** " t „ 
generate peptide nucleic acids (see " ™ "» — <• 

of PNA oligomers cat^fT j COnd '" 0nS ° f ' 0W i0 " ic synthesis 

~ ::zz*c P t:z so,id phase ^ ~ 

14670-675. (1 996) .w/wa; Perry-O'Keefe ef a/. PNAS 93: 

<> r Mb «« „ r inhibiting repH j on PN j;~ n p uc ; r p,ion 

ako be used in the analysis of sinele h™, „„• aC ' d molecul « «" 

with other enzymes (e o qi i „ cnz y mes when used in combination 
prime* for ^riLota o H ( ^ a ° " 6) OT ^ ^ <* 

O'Keefe suZ ' * " hyb^d,Zal "" , ( "™ B " <*' < 1 »*> Perry- 



O'Keefe supra). 

30 



s ,bi,i j~r P ^;:; tt N t: of , cRsp ^ * modifled - < e - 8 - - — ~ ** 

clrug dehvery known in ^ For e^I PNA , " ' eChniql " :S ° f 

molecules can be generated which t' PNA " DNA Ch,m5ras "f CRSP nucletc acid 

^ DNA. Such "^ZZ^ ~ ° f ™ A 

35 po,y m erases>, to interact with ^ZZ^Z^T^ " ^ 
Hgh binding affinity a„ d specificity PNA-DNA c h ? W ° U ' d ""^ 

appropriate lengths selected in term, Z ^ "* Usin S "f 

-eobases, and or^ « XT"? T" " ^ ^ 

n iwyrup B. (1996) Th e syntnesis 0 f PNA-DNA 
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chimeras can be performed as described in Hyrup B. (1996) supra and Finn P.J. et al. 
(1996) Nucleic Acids Res. 24 (17): 3357-63. For example, a DNA chain can be 
synthesized on a solid support using standard phosphoramidite coupling chemistry and 
modified nucleoside analogs, e.g., 5*-(4-methoxytrityl)amino-5 , -deoxy-thymidine 
phosphoramidite, can be used as a between the PNA and the 5' end of DNA (Mag, M. et 
al. (1989) Nucleic Acid Res. 17: 5973-88). PNA. monomers are then coupled in a 
stepwise manner to produce a chimeric jmMeeul e with a 5' PNA segment and a 3' DNA 
segment (Finn P.J. et al. (1996) supra). Alternatively, chimeric moleclues can be 
synthesized with a 5' DNA segment and a 3' PNA segment (Peterser, K.H. et al. (1975) 
Bioorganic Med. Chem. Lett. 5: 1119-11124). 

In other embodiments, the oligonucleotide may include other appended groups 
such as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger et al. (1989) Proc. Natl. Acad. 
Sci. US. 86:6553-6556; Lemaitre et al. (1987) Proc. Natl. Acad. Sci. USA 84:648-652; 
PCT Publication No. W088/09810, published December 15, 1988) or the blood-brain 
barrier (see, e.g., PCT Publication No. W089/10134, published April 25, 1988). In 
addition, oligonucleotides can be modified with hybridization-triggered cleavage agents 
(See, e.g., Krol et al. (1988) BioTechniques 6:958-976) or intercalating agents. (See, 
e.g., Zon (1988) Pharm. Res. 5:539-549). To this end, the oligonucleotide may be 
conjugated to another molecule, (e.g., a peptide, hybridization triggered cross-linking 
agent, transport agent, or hybridization-triggered cleavage agent). 

II. Isolated CRSP Proteins and Anti-CRSP A ntibodies 

One aspect of the invention pertains to isolated CRSP proteins, and biologically 
active portions thereof, as well as polypeptide fragments suitable for use as immunogens 
to raise anti-CRSP antibodies. In one embodiment, native CRSP proteins can be 
isolated from cells or tissue sources by an appropriate purification scheme using 
standard protein purification techniques. In another embodiment, CRSP proteins are 
produced by recombinant DNA techniques. Alternative to recombinant expression, a 
CRSP protein or polypeptide can be synthesized chemically using standard peptide 
synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is 
substantially free of cellular material or other contaminating proteins from the cell or 
tissue source from which the CRSP protein is derived, or substantially free from 
chemical precursors or other chemicals when chemically synthesized. The language 
"substantially free of cellular material" includes preparations of CRSP protein in which 
the protein is separated from cellular components of the cells from which it is isolated or 
recombinantly produced. In one embodiment, the language "substantially free of 
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cellular material" includes preparations of CRSP protein having less than about 30% (by 
dry weight) of non-CRSP protein (also referred to herein as a "contaminating protein"), 
more preferably less than about 20% of non-CRSP protein, still more preferably less 
than about 10% of non-CRSP protein, and most preferably less than about 5% non- 
5 CRSP protein. When the CRSP protein or biologically active portion thereof is 

recombinantly produced, it is also preferably substantially free of culture medium, i.e., 
culture medium represents less than about 20%, more preferably less than about 10%, 
and most preferably less than about 5% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" 

10 includes preparations of CRSP protein in which the protein is separated from chemical 
precursors or other chemicals which are involved in the synthesis of the protein. In one 
embodiment, the language "substantially free of chemical precursors or other chemicals" 
includes preparations of CRSP protein having less than about 30% (by dry weight) of 
chemical precursors or non-CRSP chemicals, more preferably less than about 20% 

15 chemical precursors or non-CRSP chemicals, still more preferably less than about 10% 
chemical precursors or non-CRSP chemicals, and most preferably less than about 5% 
chemical precursors or non-CRSP chemicals. 

Biologically active portions of a CRSP protein include peptides comprising 
amino acid sequences sufficiently homologous to or derived from the amino acid 

20 sequence of the CRSP protein, e.g., the amino acid sequence shown in SEQ ID NO:2, 
SEQ ID NO. 5, SEQ ID NO:8, or SEQ ID NO:l 1, which include less amino acids than 
the full length CRSP proteins, and exhibit at least one activity of a CRSP protein. 
Typically, biologically active portions comprise a domain or motif with at least one 
activity of the CRSP protein. A biologically active portion of a CRSP protein can be a 

25 polypeptide which is, for example, 10, 25, 50, 100 or more amino acids in length. 

In one embodiment, a biologically active portion of a CRSP protein comprises at 
least a cy steine-rich region. In another embodiment, a biologically active portion of a 
CRSP protein comprises at least a cysteine-rich region, wherein the cysteine-rich region 
includes at least one cysteine-rich domain. In yet another embodiment, a biologically 

30 active portion of a CRSP protein comprises at least a signal sequence. 

In an alternative embodiment, a biologically active portion of a CRSP protein 
comprises a CRSP amino acid sequence lacking a signal sequence. 

It is to be understood that a preferred biologically active portion of a CRSP 
protein of the present invention may contain at least one of the above-identified 

35 structural domains. A more preferred biologically active portion of a CRSP protein 
may contain at least two of the above-identified structural domains. An even more 
preferred biologically active portion of a CRSP protein may contain at least three of the 
above-identified structural domains. A particularly preferred biologically active portion 
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^^t r ^ I ^r^ i,,,l, **'---^ 

In a preferred embodiment the rp«!P L 

protein „ hich c„ mpri JI ^r!° emb0diraM '- "» CRSP - a 

am.no acid sequence o S^Td NO S^oTnTn 60% to » , *» to 

and retains the nmctiona, T' ^ ^ ^ °' SBQ "> ^' ' 

SEQ ID NO.-8, or SEQ n> NO H r L 'r , T"" SEQ ' D SE< > < D N 0:5, 

To determine the percent homology of two ami™ ^.a 
nucleic acids, the sequences are al,„n»H f sequences or of two 

25 be m^ in me se,uelTf alT """""^ P ^ <«*- «- «- 

nucleotides at correspond™ ami™ *.vi Sequence )' ^ ammo acid residues or 
compared. When a pTsWo" iTme f °' - *« 

-idue or nuc,eo«de jrc™ " " * — ™° 

30 moiecuies are homoJouTa 7ZZ V ^ "» 

acid "homoiogy is . ' " f " " ~ d —» acid or „ucieic 
hontoiogy oe^een ^^^271™°^ ""^ ™™ 
-ared By the sequences 0.^^^^^ «>*>*« 
* .00). The determination of percent lZ^^£T*" * °' ^ 
55 accomplished usine a math^mof i . Deiween tw ° sequences can be 

^mathematica, ^SZZT ^ * ^ ~ ^ 

Karh„and A frsrrr^ruv:;7^r sisfea,gorittaof 

Karlin and Altschul (1993) Proc Nat. A / c 872264 -68> modified as in 

' rroc. Natl. Acad. Sci. USA 90-5871 77 «, u ■ . 

u 08 /J 77 - Such an algorithm 
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h„ m „,„ gous to CRSP nucleic acjd molec rr J „ ; n r s ,™ 

* - be performed ^ the XBLAST progtam, score . ^^.^r*- 
ammo acd sequences homoiogous to CRSP p r „ tei „ mo,e uies ^J£*7 
obtam gapped alignment for comparison purposes Gapped BLAStT k . 
described in Altschul etal hoot^m , • . ' appM BLAST ""n ^ utilized as 
««scii u letal.,(1997)NucleicAcidsResearch25(17V3389-3402 Wl, 

The invention also provides CRSP rhim^ „ a ■ "^ '"m..irmg©v.. 

CRSP "chimeric orotein" n » fi ftlSI ° n Pr ° teins - As used herein, a 

wumenc protein or fusion protein" comprises a CRSP m iu * j 

Unked to a „o„-CRSP peptide. A "CRSP ^ ti ^ZT^ T** 
naving an amino acid ^ > e^T^T 

a portion of a CRSP ^ • t Polypeptide can correspond to all or 

portion or a CRSP protein. In a preferred embodiment a pocp fi ■ 

20 comprises a, ,eas, one bioiogicaliy active POriion^TcRSP 7 T 

preferred embodiment ,™ ws ■ pro,ein ' another 

portions of a CRSP 1,1 f T Pr ° ,e '" " «« active 

P ions ota CRSP protein. In another preferred embodiment aCRWlw 
comprises a, iea,, three bioiogicaiiy active portions of a C R £ ^ ^ZT 

25 IT ^ "° Pera ' iVely Hnked " iS <° to I cC 

25 poivpeptrde and the non-CRSP poiypeptide are fltsed in-frame to each * r ^„on 

protein taXT^ CRs"/ ^ " 1 ° ST " CRSP 

In another embodiment, the fusion protein is a CRSP n^- 
heteroiogous signa, sequ e„ce a, its N , e rmmu s . P ^T^S ' , 
sequence (i.e. about amino acids 1 to 23 of SEO ID NO^V ' V ® 
with a sigmU sequence from another protein ^^7^ "* 
35 cells) exore^ion nn Ai - " Certam nost ceII s (e.g., mammalian host 

c is), expression and/or secretion of CRSP can be increased through use of a 
heterologous signal sequence. 

In yet another embodiment, the fusion protein is a TR SP ; m 
protein in which the CRSP • CRSP-immunoglobulin fusion 

which the CRSP sequences comprising primarily the CRSP cysteine-rich 
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fam.ly. Soluble denvattves have also been made of cell surface gl yc „ pr0 ,e ins in .J 
immunoglobulin 6ene superfamily consisting of an 

surface glycoprotein fused «o an immunoglobulin constant (Fc) region (see s C o 
CD4. IgG1 «w, tW ,, Pi<(- ( • .'30 

IgGl construct and a B7-l-IgGI construe,]; and Linsley, P S e,7(,99» / F «t 
i74:561-569and U.S. Paten, 5,434,131[a CTLA4 M t 1* 
Droven n^fi.i c i | ' > 1 J 1 la c I LA4-lgG 1 ]). Such fusion proteins have 
proven useful for modulahng reeepfor-ligand interaction, So.uble derivatives of cel. 

1 0 surface pro.ems of the rumor necrosis factor receptor ( ™ F R, superfamily ZiL h ve 
been made conststing of an extracellular domain of the cel, surface receptor ^ 0 L 
— globuhn constant (Fc) region (See for example Morcland e.al n 997) N E Z 
1. Med. 337<3):,41-,47; van der Poll *„. (, 9 ,7) Blood 89(10):3727 3 L 8 
Ammann« a /.(1997)J.Clin.lnvest.99(7):1699-1703 ) 

15 in, „ ^ CRSP - imm ™°« lob « 1 in proteins of the invention can be incorporated 

:;r p " 8 " interaction ^ - ^ xl, 

peatmen, of dtfferenttattve or proliferative disorders, as well as modulating (e 8 
promotmgortnhtbtting, developmental responses, cell adhesion, and/or cellfl 
Moreover, me CRSr,mmu„„ g ,obu,in fusion proteins of the invention can £L as 
mmunogens to produce anti-CRSP antibodies in a subject, to purify CRSP lig^s 1 

CRipTg'™ 3 '° ^ m ° ,eCU,eS ^ »»* - ***** of CRSP w thT 



25 

CRSP ligand 



*»dard recombm*,, DNA techniques. For example, DNA fragmenfs coding for Z 

30 en! ' " " 8a,ed t08ete ^ '» accordance with 

30 conventional techniques, for example by employing blun.-ended or stagger-eTded 
termm, for l,gat,o„, restriction enzyme digestion to provide for appropri ,e te^ni 
fflng.,„ of cohesive ends as appropriate, alkaline phosphatase ZZ^oZI' 

35 ACretreR lT; eM ' 0nal f teChniqUeS inC ' Udm6 ~ d ° NA ^-»- 
Altemanvely PCR amplication of gene fragments can be carried out using anchor 

primers which give rise to complementary overhangs between two conse uuve gen 

fragments whtch can subsequently be annealed and .amplified to « Z"ric 

gene sequence (see, for example, C™, Prolocols ,, MoUcu , ar 1,^7^ 
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10 



15 



et al. John Wiley & Sons- 1 992) M 

*. a, ready Mcode . L„;r:::;;7 : or' 0 ; vec,ors w c °™* 

CRSP prot e,„s ca „ generated ' ' «SP a„ tag0 „ lst , Varian(s of ^ 

° f a <*» p rotei „. a,, a gonis 0 ;r C R S p rr ^ rau,a,ion ° r 

,he « a subset, of the biological activinV 77 ° M reCun ^tatafflially 

of *> raturaJly 0CCUIling fom of '£T °* W ^ 

hiding to a downstream or upstream m „ k T * ' eXanp,e ' ««P«iSve.y 
■'-eludes the CRSP protein. " T^t, 

«*» a variant of limited ^ can be eHcited by tre a ,me„, 

vanan, having . subsel of me .w^^^o^ «~ of. subject win, a 
Protein has fewer side effects in a , ^ ^ fo ™ 

°«urnng form of the CRSP protein. Wi * the 



35 



^1 LV_lli. 

In one embodiment, variants of a CR SP 
agonists (mimetics) or as CRSP ant, • Which fimction « either CRSP 

agonts, „r antagonjs, activity. I„ one emhM- P f ° r CRSP 

" crated by combinatory ^Z^ZIT^ «*- 
vanegated gene library. A variegat ^ ^ *«■ and is encoded by a 

example, enzymatic^y , igating , mixtt^^stn^ T~ " * *r 

5 ~ ^ ta 3 "~ * of PotltTcR C p °" 8 ~ d « *-» 8 ene 
■ndtvtdua. poiypeptides, or alte™,^ ^ ^ "J— * «P«sible as 
d.splay, c„„ W „ ng ^ w Qf CRSp proteins (e.g., for phage 

wntcb can be used to produce .ibr^es of pT,^ CR SP " " " 
oltgonucieotide sequence. Chemical sy„ ft es,w a d * & ° m 3 deSenerate 

Performed in an automatic D sy „J .™*' S of a "Wate gene sequence can be 

appropriate expression vecto, Use of aTelT , «~ *» " **< an 

one mixture, of a,, of the .^^SET T """" ^ «* "* <»°™°". 
fences. Methods for ^-hL^^l*^ " ™ CRSP 
^, e. 6 „ Nara „ g , S . A . (19 r ™* ^»< W « are known in the an 

Blochem. SM23 . Itakura 3 «. Itakura et al. (, 984 )^„ B . &v 

*« 11*77. < 1984 >**« W.-1036; Ikeetal. (.W)^ 

In addition, libraries of fragments of . CRSP • 

gments * or screening and 
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subsequent selection of variants of a CRSP protein. In one embodiment, a library of 
coding sequence fragments can be generated by treating a double stranded PCR 
fragment of a CRSP coding sequence with a nuclease under conditions wherein nicking 
occurs only about once per molecule, denaturing the double stranded DNA, renaturing 
5 the DNA to form double stranded DNA which can include sense/antisense pairs from 
different nicked products, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragment library into an expression 
vector. By this method, an expression library can be derived which encodes N-terminal, 
C-terminal and internal fragments of various sizes of the CRSP protein. 
10 Several techniques are known in the art for screening gene products of 

combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
CRSP proteins. The most widely used techniques, which are amenable to high through- 
15 put analysis, for screening large gene libraries typically include cloning the gene library 
into replicable expression vectors, transforming appropriate cells with the resulting 
library of vectors, and expressing the combinatorial genes under conditions in which 
detection of a desired activity facilitates isolation of the vector encoding the gene whose 
product was detected. Recrusive ensemble mutagenesis (REM), a new technique which 
20 enhances the frequency of functional mutants in the libraries, can be used in 

combination with the screening assays to identify CRSP variants (Arkin and Yourvan 
(1992) PNAS 59:781 1-7815; Delgrave et al. (1993) Protein Engineering 6(3):327-331). 

In one embodiment, cell based assays can be exploited to analyze a variegated 
CRSP library. For example, a library of expression vectors can be transfected into a cell 
25 line which ordinarily responds to a particular ligand in a CRSP-dependent manner. The 
transfected cells are then contacted with the ligand and the effect of expression of the 
mutant on signaling by the ligand can be detected, e.g., by measuring any of a number of 
immune cell responses. Plasmid DNA can then be recovered from the cells which score 
for inhibition, or alternatively, potentiation of ligand induction, and the individual clones 
30 further characterized. 

An isolated CRSP protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind CRSP using standard techniques for 
polyclonal and monoclonal antibody preparation. A full-length CRSP protein can be 
used or, alternatively, the invention provides antigenic peptide fragments of CRSP for 
35 use as immunogens. The antigenic peptide of CRSP comprises at least 8 amino acid 
residues of the amino acid sequence shown in SEQ ID NO:2, SEQ ID NO:5, SEQ ID 
NO:8, or SEQ ID NO:l 1 and encompasses an epitope of CRSP such that an antibody 
raised against the peptide forms a specific immune complex with CRSP. Preferably, the 
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amigemc peptid, comprise atleas, 1 0 amino acid residue,, more preferably a. leas, 1 5 

sui „h, k RSP ' mmm,0Een *P ica "y is "**> <» Prepare antibodies by immunize a 
'' <e ' 8 " rabb "' 6 ° at ' m ° USe ° r 0d ~ — > ™- 'he immunZ 1 

an unmunogenrc CRSP preparation induces a polyclonal an,i-C R SP ^ 

Accordmgly, another aspect of the invention pertains to anti-CRSP ant^T 
The term -antibody as used herein refers to immuno^l ml^ ^ 7 
.5 tnununologtcally active portions of immunoglobuiin molecules, i.e ££L tha, 

0 monoclonal antibodies that bind CRSP polyclonal and 

Wodona, antibody con^S £ Zn^T T"" " 

»— act,„g with a particular epitope of CRSP. A mono!,., a^Ly 
composttton thus Really dispiays a single binding affinity for a particular CRSP 
5 protein with which it immunoreacts. a particular CRSP 

Polyclonal anti-CRSP antibodies can be prepared as described above bv 
.mmuntzmg a suitable subject with a CRSP itnmunogen The ami CRSP 7, K h ■ 
in the immunized subject can be monitored over tim by sZlZfT * 
with an enzyme linked immunosorbent assay (ElZ^ T ^ " 

desired, the antibody molecules dir^X™ I"™, ^ ^ ' f 
(e.g., from me blood, and further Zwt J ,ff " *™ "* mamraal 

chromatography to obtain ^ZZ , * ^ " """^ A 

e.g when the LtiCW , " aPPr ° Prii " e " me ■*» "™™-«"n, 

g., when the antt-CRSP anfbody mers are highest, antibody-producing cells can be 
coined from the subject and used ,„ prepare monoclona, antics b^lT 

^a«cer the more recent human B 
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30 



35 



cell hybridoma technique (Kozbor et al n QJm i 

hybridoma ,ech„ ique ( Col l „ a , 1,, ^ »*» 4:72 >. <•» EB V- 

Ala, R. Liss, Inc pp 77 7"^'«^«/a««r 7^ 

,«iu,pp. //-96) or tnoma techniques Theterh™,™ * , 
monoclonal antibody hyoridomas . ^ ^ ( J^"^ £ 
5 Monoclonal Antibodies- A AW n- ■ generally R. H. Kenneth, in 

Con,, New Vor k , Z yZZZTI" " «-»", Pubhshmg 

54:387-402; M. L Genl^nlf, Y °* J *W. 

Mortal eel, , ine (^ ly a ^ e , ' tT ^ 3:23I " 36 >- Bri ^. ■» 

'0 outage supernal of the resul , ^ " ^"'^ abov<: ' »« *• 

monoclonal a„,ibod y ^ e ^ 77"°* "* " 

cited ^ Moreover ZtT'T ^ ^ 
appreciate that there are m,nw . Mo ' eover - "* ordinaniy sk „ led worker 

Typically, the ^^T" ° f — * h "» -,d be usea.1. 

mammalian species as aT^^.* 7 ^ " **« *» - — 

> "y «>*. Oocytes from a LZL^Tt" ^ "° * 

mes are mouse my e,oma ce.l ,ine s tha, are sensitive JZnZ lT 
hypoxanftine, aminopterin and thymidine (-HAT m^il ) A ' 6 
myeloma cell lines on h. „„j * . m «"um ). Any of a number of 

e.g., the nvsZw T£ A^r" '° ^ 

mye,oma, i nesa re avlL P r^a ^r^"' 

are ftsed to mouse sp.enocytes .in, p^£^~ 
cells resulting from the fusion are then selected usil HAT 71 '• " 

andunproductivelyiusedmvelnm, n , a using HAT medium, which kills unfused 
-use they ^^U^ 

of the invention are detected by screen^ Z U , 8 * m ° nOCl ° naI 

antibodies that bind CRSP e 7 7 I SU * e ™^ for 

oina CRSP, e.g., using a standard ELISA assay 

Alternative to preparing monoclonal antibody-secretino h v u m 
-noclonal anti-CRSP antibody can be identified 1^^***°"' * 
recombinant combinatorial immunoglobulin librarvT ^ " 8 3 

library) with CRSP to therebv ,<= . 7 ^ (C *' *" P ha 8 e d May 
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me Stratagene SurJZAPv* PHage Display KU, Catalog No. 240612). Additionally 
examples of methods and reagents pa^ar.y ^ ^ .> . ^ 

screemng antibody display librae can be found in, f or example, LaL e, a" U S 
Patent No. 5,223,409; Kang et ai. PCT National Publication No . wnnll- 
5 Dower e« al. PCT International P uWi ca t i„„ No . WO 91/17271; Winter e« a, PCT 

No. WO 92/15679, Brettltng et al. PCT International Publication WO 93/01288- 
McCafferty e. al. PCT International Publication No. WO 92/01047; Garrcrd e, ai PCT 
International Publication No. WO 92/09690- Ladner « ,1 Prr i . 
10 No. WO 90/02809; Fuchs et al ,19911 Z^tT «' ,men,a " 0nal PuWi <*«°n 

, rucn setal.(l991)a, o /7ecWo g) ;9:1370-l372;HavetaI nwm 
****** 3:8,-85; Huse e. al. (1989) & *„ ce 246: 2 7 T- - ' 

So- O T " ? <,991) **" 352:624 " 628; Gram « * <'«> ^89:3576 
3580, Oarrad e. al. (1991) S/o/T.cWogy 9:1373-1377; Hoogenboom e. al ,I99n N 

al. Mtf Mr <? (1 990) 348:552-554. ^uanerty et 

Additionally, recombinant anti-CRSP antibodies, such as chimeric and 
humamzed ^monoclonal antibodies, comprising both human and non-human portions 
which can be made using standard recombinant DNA techniques, are within the COP e of 
20 the n_ such chimeric and humanized monoclonal antibodies can 

recom binant DNA techniques known in the art, for example using methods deTc^ed in 
Robmson et al. International Application No. PCT/US86/02269- Akira et al F 
Patent Application 184,87; Taniguchi, M., European Pate* ^ " ^ 

Momsonetal. European Patent Application! 73,494- Neuber e eretal ptttV • 
25 Pubhcation No. WO 8.01 533; Cabilly et al. U.S. ^Z^^^ 

European Patent Application 125,023; Better et al. (1988) Science 240 • 1 041 1 043 T 
et 31.(1987)^5 84:3439-3443- Liu etal H987W r , T ; " 

al. (1987) /WAS 84-214 7,« m k } ,39:3521 - 35 26; Sun et 

VwyrNAb 84.214-218; Nishimura et al. (1987) Cane Res 47999 mov w ^ ♦ 

al. (1985) Nature 3 14:446-449; and Shaw et al (1988^ J N ;.^ 47 "^ 1005 ' Wood et 
30 i«ovxi - or uoiidweiai. (1988)./ Natl. Cancer Inst. 80:1553- 

2,4 W p <,985)& '— ^^02-1207; Oi et al. (1,86) B.oTeCn^es 

4.214, Wmter U.S. Paten, 5,225,539; Jones e, al. (1986) Nature 321-552-525- 

™' <l9,,,ffl « WIS «»*-<»«^'- 

An anti-CRSP antibody (e.g„ monoclonal antibody) can be used to isolate CRSP 

ant, CRSP antibody can factate me purification of natural CRSP from cells and of 
recombmamly produced CRSP expressed in bos, ce„, Moreover, an Z ^P 
annbody can be used ,„ detect CRSP protein (e . g „ in . cel|ular ^ Qr J™ 



MEI-008 



-35 - 



supernatant) in order to evaluate the abundance and pattern of expression of the CRSP 
protein. Anti-CRSP antibodies can be used diagnostically to monitor protein levels in 
tissue as part of a clinical testing procedure, e.g., to, for example, determine the efficacy 
of a given treatment regimen. Detection can be facilitated by coupling (i.e., physically 

5 linking) the antibody to a detectable substance. Examples of detectable substances 
include various enzymes, prosthetic groups, fluorescent materials, luminescent 
materials, bioluminescent materials, and radioactive materials. Examples of suitable 
enzymes include horseradish peroxidase, alkaline phosphatase, p-galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include 

0 streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include 
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of bioluminescent materials include 
luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 

5 125 I, m I, 35 Sor 3 H. 

TTT. Recombinant Expression Vectors a nd Host Cells 

Another aspect of the invention pertains to vectors, preferably expression 
vectors, containing a nucleic acid encoding CRSP (or a portion thereof). As used herein, 
20 the term "vector" refers to a nucleic acid molecule capable of transporting another 

nucleic acid to which it has been linked. One type of vector is a "plasmid", which refers 
to a circular double stranded DNA loop into which additional DNA segments can be 
ligated. Another type of vector is a viral vector, wherein additional DNA segments can 
be ligated into the viral genome. Certain vectors are capable of autonomous replication 
25 in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). Other vectors (e.g., non- 
episomal mammalian vectors) are integrated into the genome of a host cell upon 
introduction into the host cell, and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the expression of genes to which they 
30 are operatively linked. Such vectors are referred to herein as "expression vectors". In 
general, expression vectors of utility in recombinant DNA techniques are often in the 
form of plasmids. In the present specification, "plasmid" and "vector" can be used 
interchangeably as the plasmid is the most commonly used form of vector. However, 
the invention is intended to include such other forms of expression vectors, such as viral 
35 vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated 
viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell, which 
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mean, tha, the recombinant expression vectors include one or more regulatorv 
sequences, selecled on the basis of the host cells to be „«vt f regula,0, > 

of the nucleotide sequen" Tn ^ " a " OWS f " 

^^^^ 

sequence" is intended to includes promoters, enhancers IZ^Z^ , , 

Academic Press, San Diego, CA fl 990) R«mi«* ^izymoiogy 1 85, 

direct cnn«tit,,f ^ ReguIator y sequences include those which 

express.cn vectors of the invention can be introduced into host cells TmerT , 
proteins or peptides inHi.rW « • • thereby produce 

described hLtatg «SP „r« T ^ «■* ««■ - 

20 We rec^b'L? * ^ ^ """^ ete >' 

e r SS, ° n VM * 0rS ° f ,he - be designed for 

and T7 polymerase. Promoter regulatory sequences 

Expression of proteins in prokaryotes is most often carried out in F mr 

vectors typically serve three purposes- ! ) to in 1 Pro ' e ' a ^ t " Si< "' 

2) to increase the solubility o7£H i e '""' eSS,<>n ° f recorabi »™ P«*ein; 

of the recombinant ^^ITt ^ *> '° ** " 

motety and the recombinant protein to enable separation of ,J k 

•he ftsion moiety subsequent to rrt^ JZ^JZTtT* ^ 
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Idt^Tr^rr'^::'^ pOEX (pham,ada »~* ^ ^ 

and oR^S 1 ' 3 ' PMAL E "e land Bi »'abs, Beverly MA) 

^, ST™ 0 '*' P ' SCa,aWay - NJ> WWCh °~ eh » a ' hi0 - S "^- A 
n,a„ose E^„g protein , or prMei „ A (o ^ ^ T>, 

*n dmg [e~:::::: can :r i,i2ed in crsp ^ — crsp ^ 

e V g-, airect assays or competitive assays described in detail belouA t n 
antibodies specific for prsp • below), to generate 

pTrc rA EXamPleS ,° f SUitaWe inducib,e E. «|, expression vectors include 

pTrc (Amann et a,., (1988) Gene 69:301-315) and pET 1 Id (Studier et al Gene 
Express^ Technology. Methods in Enzymology 185 Academic Pr 7 7 
15 California fl 99m *n t Academic Press, San Diego, 

torn a (1 990) 60-89). Target gene expression from the pTrc vector relies on host 
RNA polymerase transcription from a hybrid trp-lac fusion promoter Targe l e 
expression from the pET 1 Id vector relies on transcription from a T7 7 

promoter mediated by a coexpressed viral RMA , 8 kC fiiS, ° n 

, . * ^expressed viral RNA polymerase (T7 enl) This viral 

polymerase is supplied by host strains BL21(DE3) or HMS174fDE3 fro „ 
prophage harboring a T7 gnl gene under th, , ™S174(DE3) from a resident X 

promoter transcriptional control of the lacUV 5 



20 

promoter. 



One strategy to maximize recombinant protein exoression in r r ■ . 
*e protein in a host ^ ^ an impaired ^1™,^ 

i^otoS, 185, Academy Press, San Diego, California (1990) 1 19-128) A„ n ,h 
strategy , s to alter fte nucleic acid sequence of the nucleic acid u, be , ^ , 
expression r ,or so rba, *. i„ dividua , codons for ~ ««° » 

preferentially utilized in E. coli (Wada et al f1Q<m aa / • , . 

943 pJRY^ \ n , P ( ^ Herskowi ^ d 982) Cell 30:933- 

y4j),pJRY88(Schultzetal.,(1987)Ge«e54:113-123) nYF^rr / 
« ^ Diego, CA>, and picZ (mvitrogen Corp, San Diego C A) rP ° ra,i ° n ' 
Alternatively, CRSP can be exp«sscd in insec, cells using baculovirus 
express,™ vecrors. BaculoW vec,o ra available for expression^ culled 
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6 t 8 ' \ [ } inC ' Ude ^ (Smi,h « ^ < 1983 > ** « «W 
3.2156-2165) and thepVL series (Lucklow and Summer, (1989) <W<,,~ 17031-39) 

n ye. pother embodiment, a nucleic acid of the invention is expressed in 
mammahan cells using a mammalian expression vector. Examples of mammalian 
express,™ vectors jnc|ude ^ R (f ^ ^ 3 

(Kaufman etal. (.987) flffloy 6: , 87 . 19 5). When used in mammalian cells the 
express.cn vector's control functions are often provided by viral regulatory elements 
For example, commonly used promoters are derived from polyoma, Adenovirus 2 ' 
cytomega.ov.rus and Simian Virus 40. For other suitable expression systems for both 
10 Prokaryofc and eukaryotic cells see chapters 16and 17 of Sambrook, J., Fritsh E F 
and Man,a«,s, T. Mole^ar C,o„,n g: A Laoora,ory Manual. 2nd, CoUS P r,„ g 
Harbor L ab ora,ory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 

I » a "° t "«™bodime„,,U 1 e recombinant mammalian expression vector is 
capable of dtrectmg expression of the nucleic acid preferentially in a particular cell type 
e.g., ..ssue-specfic regulatory elements are used to express the nucleic acid). TissuT 
P*,f.c regulatory elements are known in the art. No„imi,i„g examples of suitX 
*ue sp*c,fic promoters include me albumin promoter (liver-specific; Pinker, et al. 

20 2 , 277) ' ' ym P hoid - s P-' fi <= P—ers (Calame and Eaton (,988) 

20 ^"nmunol 43:235-275), in particular promoters of Tcel, receptors (Wiuoto Id 
^ ^^9-733) and immunoglobulins (Banetji < a , ^ 

( e * Ze T " 0983) ^ 33:74 '- 748) > promoters 

(e.g., the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86-5473-5477) 

25 rrr* 10 ' mMa < 1985 > **» 230 : 912-916), and mammary 

25 gland.spec.fic promoters (e.g., milk whey promoter; U.S. Patent No. 4,873 3 

European Application Publication No. 264,166). Developmentally-regulatod promoters 
are also encompassed, for example me murine hox promoters (Kesse, and Gruss (1 990) 

30 DNA moT TfT fi " h " Pr0VMeS 3 reC ° mbinan ' eX ™ TOtOT comprising a 
m ° leCUle ° f me mratti ° n i«'o the expression vector in an antisense 

or.entat.ou.rha, is, the DNA molecule is operative* linked to a regulatory secuence in 

35 ZedT , 15 ^ *° CRSP mRNA ' RegUlM ^ oP-ivdy 

hnked to a nuc,e,c acd cloned in the antisense orientation can be chosen whi h direct 

the contmuous expression of the antisense RNA molecule in a variety of cell types for 

.nstar.ee v,raLpromo,ers anoVor enhancers, or regulatoty sequences 1 be chotTwlh 

d,rec, cons,„u„ve, tissue specific or cell type specific expression of antisense ^ t 
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antisense expression vector can be in the form of a recombinant plasmid, phagemid or 
attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
5 expression using antisense genes see Weintraub, H. et al., Antisense RNA as a molecular 
tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
10 terms refer not only to the particular subject cell but to the progeny or potential progeny 
of such a cell. Because certain modifications may occur in succeeding generations due 
to either mutation or environmental influences, such progeny may not, in fact, be 
identical to the parent cell, but are still included within the scope of the term as used 
herein. 

15 A host cell can be any prokaryotic or eukaryotic cell. For example, CRSP 

protein can be expressed in bacterial cells such as E. coli, insect cells, yeast or 
mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other 
suitable host cells are known to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via 

20 conventional transformation or transfection techniques. As used herein, the terms 

"transformation" and "transfection" are intended to refer to a variety of art-recognized 
techniques for introducing foreign nucleic acid (e.g., DNA) into a host cell, including 
calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, lipofection, or electroporation. Suitable methods for transforming or 

25 transfecting host cells can be found in Sambrook, et al. {Molecular Cloning: A 

Laboratory Manual 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 

30 integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be 

35 introduced into a host cell on the same vector as that encoding CRSP or can be 

introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by drug selection (e.g., cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 
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25 



A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
culture, can be used to produce (i.e., express) CRSP protein. Accordingly, the invention 
further provides methods for producing CRSP protein using the host cells of the 
invention. In one embodiment, the method comprises culturing the host cell of 
invention (into which a recombinant expression vector encoding CRSP has been 
introduced) in a suitable medium such that CRSP protein is produced. In another 
embodiment, the method further comprises isolating CRSP from the medium or the host 

Cell . 

The host cells of the invention can also be used to produce nonhuman transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized 
oocyte or an embryonic stem cell into which CRSP-coding sequences have been 
introduced. Such host cells can then be used to create non-human transgenic animals in 
which exogenous CRSP sequences have been introduced into their genome or 
homologous recombinant animals in which endogenous CRSP sequences have been 
altered. Such animals are useful for studying the function and/or activity of CRSP and 
tor identifying and/or evaluating modulators of CRSP activity. As used herein a 
"transgenic animal" is a non-human animal, preferably a mammal, more preferably a 
rodent such as a rat or mouse, in which one or more of the cells of the animal includes a 
u-ansgene. Other examples of transgenic animals include non-human primates, sheep 
dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA which is 
integrated into the genome of a cell from which a transgenic animal develops and which 
remains in the genome of the mature animal, thereby directing the expression of an 
encoded gene product in one or more cell types or tissues of the transgenic animal As 
used herein, a "homologous recombinant animal" is a non-human animal, preferably a 
mammal, more preferably a mouse, in which an endogenous CRSP gene has been 
altered by homologous recombination between the endogenous gene and an exogenous 
DNA molecule introduced into a cell of the animal, e.g., an embryonic cell of the 
animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing CRSP- 
encoding nucleic acid into the male pronuclei of a fertilized oocyte e g by 
microinjection, retroviral infection, and allowing the oocyte to develop in a 
pseudopregnant female foster animal. The human CRSP cDNA sequence of SEQ ID 
NO: 1 SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO:10 can be introduced as a transgene 
into the genome of a non-human animal. Alternatively, a nonhuman homologue of a 
human CRSP gene, such as a mouse CRSP gene, can be isolated based on hybridization 
to the human CRSP cDNA (described further in subsection I above) and used as a 
transgene. Intronic sequences and polyadenylation signals can also be included in the 
transgene to increase the efficiency of expression of the transgene. A tissue-specific 



20 
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regulatory sequence(s) can be operably linked to the CRSP transgene to direct 
expression of CRSP protein to particular cells. Methods for generating transgenic 
animals via embryo manipulation and microinjection, particularly animals such as mice, 
have become conventional in the art and are described, for example, in U.S. Patent Nos. 
5 4,736,866 and 4,870,009, both by Leder et al., U.S. Patent No. 4,873,191 by Wagner et 
al. and in Hogan, B., Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., 1986). Similar methods are used for production of 
other transgenic animals. A transgenic founder animal can be identified based upon the 
presence of the CRSP transgene in its genome and/or expression of CRSP mRNA in 
0 tissues or cells of the animals. A transgenic founder animal can then be used to breed 
additional animals carrying the transgene. Moreover, transgenic animals carrying a 
transgene encoding CRSP can further be bred to other transgenic animals carrying other 
transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains 
5 at least a portion of a CRSP gene into which a deletion, addition or substitution has been 
introduced to thereby alter, e.g., functionally disrupt, the CRSP gene. The CRSP gene 
can be a human gene (e.g., the cDNA of SEQ ID NO:3, SEQ ID NO: 6, SEQ ID NO:9 
or SEQ ID NO: 12), but more preferably, is a non-human homologue of a human CRSP 
gene. For example, a mouse CRSP gene of SEQ ID NO: 16 can be used to construct a 
homologous recombination vector suitable for altering an endogenous CRSP gene in the 
mouse genome. In a preferred embodiment, the vector is designed such that, upon 
homologous recombination, the endogenous CRSP gene is functionally disrupted (i.e., 
no longer encodes a functional protein; also referred to as a "knock out" vector). 
Alternatively, the vector can be designed such that, upon homologous recombination, 
the endogenous CRSP gene is mutated or otherwise altered but still encodes functional 
protein (e.g., the upstream regulatory region can be altered to thereby alter the 
expression of the endogenous CRSP protein). In the homologous recombination vector, 
the altered portion of the CRSP gene is flanked at its 5' and 3' ends by additional nucleic 
acid of the CRSP gene to allow for homologous recombination to occur between the 
exogenous CRSP gene carried by the vector and an endogenous CRSP gene in an 
embryonic stem cell. The additional flanking CRSP nucleic acid is of sufficient length 
for successful homologous recombination with the endogenous gene. Typically, several 
kilobases of flanking DNA (both at the 5' and 3' ends) are included in the vector (see 
e.g., Thomas, K.R. and Capecchi, M. R. (1987) Cell 5 1 :503 for a description of 
homologous recombination vectors). The vector is introduced into an embryonic stem 
cell line (e.g., by electroporation) and cells in which the introduced CRSP gene has 
homologously recombined with the endogenous CRSP gene are selected (see e.g., Li, E. 
et al. (1992) Cell 69:915). The selected cells are then injected into a blastocyst of an 
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animal (e.g., a mouse) to form aggregation chimeras (see e.g., Bradley, A. in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E.J. Robertson 
ed. (IRL, Oxford, 1987) pp. 1 13-152). A chimeric embryo can then be implanted into a 
suitable pseudopregnant female foster animal and the embryo brought to term. Progeny 
5 harboring the homologously recombined DNA in their germ cells can be used to breed 
animals in which all cells of the animal contain the homologously recombined DNA by 
germline transmission of the transgene. Methods for constructing homologous 
recombination vectors and homologous recombinant animals are described further in 
Bradley, A. (1991) Current Opinion in Biotechnology 2:823-829 and in PCT 
10 International Publication Nos.: WO 90/1 1354 by Le Mouellec et al.; WO 91/01 140 by 
Smithies et al.; WO 92/0968 by Zijlstra et al.; and WO 93/04169 by Berns et al. 

In another embodiment, transgenic non-humans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase system of bacteriophage PI . For 
5 a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) PNAS 
89:6232-6236. Another example of a recombinase system is the FLP recombinase 
system of Saccharomyces cerevisiae (O'Gorman et al. (1991) Science 251:1351-1355. If 
a cre/loxP recombinase system is used to regulate expression of the transgene, animals 
containing transgenes encoding both the Cre recombinase and a selected protein are 
0 required. Such animals can be provided through the construction of "double" transgenic 
animals, e.g., by mating two transgenic animals, one containing a transgene encoding a 
selected protein and the other containing a transgene encoding a recombinase. 

Clones of the non-human transgenic animals described herein can also be 
produced according to the methods described in Wilmut, I. et al. (1997) Nature 385:810- 
813. In brief, a cell, e.g., a somatic cell, from the transgenic animal can be isolated and 
induced to exit the growth cycle and enter G 0 phase. The quiescent cell can then be 
fused, e.g., through the use of electrical pulses, to an enucleated oocyte from an animal 
of the same species from which the quiescent cell is isolated. The reconducted oocyte is 
then cultured such that it develops to morula or blastocyte and then transferred to 
pseudopregnant female foster animal. The offspring borne of this female foster animal 
will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated. 

IV. Pharmaceuti cal Comp ositions 

The CRSP nucleic acid molecules, CRSP proteins, and anti-CRSP antibodies 
(also referred to herein as "active compounds") of the invention can be incorporated into 
pharmaceutical compositions suitable for administration. Such compositions typically 
comprise the nucleic acid molecule, protein, or antibody and a pharmaceutical^ 
acceptable carrier. As used herein the language "pharmaceutical^ acceptable carrier" i s 
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intended to include any and all solvents, dispersion media, coatings, antibacterial and 
antifungal agents, isotonic and absorption delaying agents, and the like, compatible with 
pharmaceutical administration. The use of such media and agents for pharmaceutical^ 
active substances is well known in the art. Except insofar as any conventional media or 
5 agent is incompatible with the active compound, use thereof in the compositions is 
contemplated. Supplementary active compounds can also be incorporated into the 
compositions. 

A pharmaceutical composition of the invention is formulated to be compatible 
with its intended route of administration. Examples of routes of administration include 

10 parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 

transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 

1 5 antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
20 enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersion. For 

25 intravenous administration, suitable carriers include physiological saline, bacteriostatic 
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In 
all cases, the composition must be sterile and should be fluid to the extent that easy 
syringability exists. It must be stable under the conditions of manufacture and storage 
and must be preserved against the contaminating action of microorganisms such as 

30 bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
can be maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 

35 surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium 
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e*amp,e, aiuminum monol^e *" ab^ion, for 

a P p roP ^^ 0 r:;r::: i r' > r body) ^ ^ * « 

incorporating the active „ h , f^"" 15 

dispersion medium Md m e requ ^ 'L r** *<* contains a basic 

preferred me.hod s of Dren ara ,i mjeCtable soluli "^. *e 

Powder or*. - which y ie, ds . 

sterile-fHtered solution mereof ' " M °" K ™' deSired from 

a previously 

using a fluid carrier for use as a n«ljr^r , " ,,,,,, ~ ^ * ~ 
applied or al ,y Md swjshed ^ • — h *» ** i- 

0 COm ^ ,Webindi »8^a„*or adjuvant materi ri h 

composition. The tablets piiis caosL , T na,S 030 '"^ as part of the 

following ingredients, „ r T ^ ** «» COMai " «* »f the 

microcrystalline cdtaL* „ ( natUre: 3 binder « 

such as magnesium stearate or Sterotes- ! . 7 ^ 8 ' ^ a lub ™an t 
methyl salicytate, „ r ora „ge flavoring " " flavo ™« a 8ent such as peppermint, 

a gas such as carbon ^ZT^ZT ^ > 
Systemic administration can akn k« k ♦ 
—sal or transderma. adnn^ol means. For 

permeated are used in me formulation Sul """""^ ,0 ** bmier <° b = 

and include, for exampie, for uansmucosa, ^^7^ ^ ^ 
•tad* acid derivatives. Transmural admi ^ ^ "*"■ ^ 

- of nasa, sprays or suppositories. For tTsZL ^"""^ ^ 
compounds are f„rmu late d into ointments^lves adm,n,S,ra <">"' * «*» 
*e art. tn """ S ' salves - 8*. or creams as genendly known in 
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The compounds can also be prepared in the form of suppositories (e.g., with 
conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
5 protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 
Methods for preparation of such formulations will be apparent to those skilled in the art. 

10 The materials can also be obtained commercially from Alza Corporation and Nova 

Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutical^ 
acceptable carriers. These can be prepared according to methods known to those skilled 
in the art, for example, as described in U.S. Patent No. 4,522,81 1 . 

15 It is especially advantageous to formulate oral or parenteral compositions in 

dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 

20 pharmaceutical carrier. The specification for the dosage unit forms of the invention are 
dictated by and directly dependent on the unique characteristics of the active compound 
and the particular therapeutic effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment of individuals. 

Toxicity and therapeutic efficacy of such compounds can be determined by 

25 standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose 
therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio 
LD50/ED50. Compounds which exhibit large therapeutic indices are preferred. While 

30 compounds that exhibit toxic side effects may be used, care should be taken to design a 
delivery system that targets such compounds to the site of affected tissue in order to 
minimize potential damage to uninfected cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 

35 preferably within a range of circulating concentrations that include the ED50 with little 
or no toxicity. The dosage may vary within this range depending upon the dosage form 
employed and the route of administration utilized. For any compound used in the 
method of the invention, the therapeutically effective dose can be estimated initially 
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from cell culture assays. A dose may be formulated in animal models to achieve a 
circulating plasma concentration range that includes the IC50 (i.e., the concentration of 
the test compound which achieves a half-maximal inhibition of symptoms) as 
determined in cell culture. Such information can be used to more accurately determine 
useful doses in humans. Levels in plasma may be measured, for example, by high 
performance liquid chromatography. 

The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 
stereotactic injection (see e.g., Chen et al. (1994) PNAS 91 :3054-3057). The 
pharmaceutical preparation of the gene therapy vector can include the gene therapy 
vector in an acceptable diluent, or can comprise a slow release matrix in which the gene 
delivery vehicle is imbedded. Alternatively, where the complete gene delivery vector 
can be produced intact from recombinant cells, e.g., retroviral vectors, the 
pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 

The pharmaceutical compositions can be included in a container, pack, or 
dispenser together with instructions for administration. 

20 V- Uses an d Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues, and antibodies 
described herein can be used in one or more of the following methods: a) screening 
assays; b) predictive medicine (e.g., diagnostic assays, prognostic assays, monitoring 
clinical trials, and pharmacogenetics); and c) methods of treatment (e.g., therapeutic and 
prophylactic). As described herein, a CRSP protein of the invention has one or more of 
the following activities: (i) interaction of a CRSP protein with a membrane-bound 
CRSP receptor; (ii) interaction of a CRSP protein with a soluble form of a CRSP 
receptor; (iii) interaction of a CRSP protein with an intracellular protein via a 
membrane-bound CRSP receptor; (iv) complex formation between a soluble CRSP 
protein and a second soluble CRSP binding partner; (iv) complex formation between a 
soluble CRSP protein and a second soluble CRSP binding partner, wherein the CRSP 
binding partner is a non-CRSP protein molecule; and (v) complex formation between a 
soluble CRSP protein and a second soluble CRSP binding partner, wherein the CRSP 
binding partner is a second CRSP protein molecule and can can thus be used in, for 
example, (1) modulation of cellular signal transduction, either in vitro or in vivo; (2) 
regulation of gene transcription in a cell involved in development or differentiation, 
^ ^ther in vitro or ^fcg>gS ulation of gene transcription in a cell involved in i/ 
development or »SSe«M8a^vnerein at least one gene encodes a differentiation- 
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specific protein; (4) regulanon of gene —.ion in a ^^^T^ 
or differentaition, wherein a. .eas, one gene encodes a second secreted protem ,0) 
or umci^i „ rt i v<v i in development or differentiation, 

regulation of gene transcripfon m a cell involved in developme ; f 

wherein at least one gene encodes a signal transduction molecule; and (6) regula ion of 
i r^ , ion either * ,i,o or in «o. The isolated nucleic acid molecules of 
"ion can he used, for example, ,0 express CRSP protein v— man, 
expression vector in a host cell in gene therapy applications), to detect CRSP mRNA 
T a biological sample) or a genetic alteration in a CRSP gene, and to moduUte 
CRSP activity as described further below. In addition, the CRSP protems can be sed 
, ™U or compounds which module the CRSP -f»>^££ 
disorders characterized by insufficient or excess,ve production of CRSP protein 
pIucTon of CRSP protein forms which have decreased or aberrant acttvny compare 
TcRSP wild type plein (e.g., development disorders or proliferative dtseases such 
™r) rlLver, the anti-CRSP antibodies of.be invention can be used to detect 
5 IdT^e CRSP proteins, rebate the bioavailability of CRSP proteins, and modulate 
CRSP activity. 

A grrgftninp Assays: 

The invention provides a method (also referred to herein as a '—J ^ 

, • . • —ndiHate or test compounds or agents (e.g., peptides, 
>n fnr identifvine modulators, i.e., candiaaie or ic&i wi. F => 

!0 ^oleL, small mo.ecu,es or other d™ g s> which bind to CRS protems or ave 
a Lulatory or inhibitory effect on, for example, CRSP expression or CRSP acuvtty. 

libraries of compounds (Lam, K.S. (1997) Anticancer Drug Des. 12:145). 
35 Examples of methods for the synthesis of molecmar libraries can be > the 

" art, for example in: DeWit, „ a, (.993) Proc. M* Aea, Sci. USA. «, 
(1994) /Voc. to/. SC. USA 91:11422; Zuckermann « „/. (1994). J. Med 
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Chem. 37:2678; Cho et al. (1993) Science 261:1303- Carrell et al noo^ „ 

* * En f 33:2059; Care,, e,a, {W < )Angew , ^ 

Galloper/. (1994) J. Med. Chem. 37 1233 ■"•2061, and ui 

(Scon and Smith (I990) ^ ^ (DevHn 

(CwirlaeM/. (1990) Proc. Nail. Acad Sci 87-6378 «««■» m r ■ ,™ X 
■0 222:30,-3.0); (Ladner^™.). ^^CtaPWWWW 

express!" IcRS^T' " ^ " 3 fa WWch a «" *ch 

compound to th<* rpcp. * , oinaing ot the test 

in a 211 F„r e T ™ " deKmined " y deteti "8 *» W»W compound 
m a complex. For example, test compounds can be labeled with . a, J5 S «c or JH 
euher directly „ r indirectly , Md (he rad counting 0 ' f 

20 radioemmission or by scintillation counting Alternative^ """"8°' 
enzymatically labeled with, for example, ^Zl^Z^^ 
or mciferase, and the en.vnra.ic label detect by JnJ^^^^ 
appropriate substrate to product. conversion of an 

It is also withm the scope of this invention ,o determine me ability of a test 
25 compound to mterac, with a CRSP receptor without the .abeling „f my Z fte 

mteractants. For example, a microphysiometer can be used to Lc^L , 
•est compound wim a CRSP receptor without the labeling „f j£ h^ " I 
to receptor. McConne,,, H. M. (1992) & „„ ce ** °°T md " 

rate at which a cell acidifies its environment using a light-addre^hi. . 
sensor fLAPS^ • .u- ., "gnt-addressable potentiometric 

ensor (LAPS). Changes in this acidification rate can be used as an indicator of the 
interaction between ligand and receptor. 

express!" a CRSP^ ** * Ce " ^ 

expresses a CRSP receptor on the cell surface with * r p «p ♦ • 

receptor, wherein determining me bm,v of IT T '° ""^ " CRSP 

receptor comprises determining me !b L * 7 * " CRSP 

rmining the ability of the test compound to preferentially bind to 
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the CRSP receptor as compared to the ability of CRSP, or a biologically active portion 
thereof, to bind to the receptor. 

In another embodiment, an assay is a cell-based assay comprising contacting a 
cell expressing a CRSP target molecule with a test compound and determining the 
> ability of the test compound to modulate (e.g. stimulate or inhibit) the activity of the 
CRSP target molecule. Determining the ability of the test compound to modulate the 
activity of a CRSP target molecule can be accomplished, for example, by determining 
the ability of the CRSP protein to bind to or interact with the CRSP target molecule 

Determining the ability of the CRSP protein to bind to or interact with a CRSP 
target molecule can be accomplished by one of the methods described above for 
determining direct binding. In a preferred embodiment, determining the ability of the 
CRSP protein to bind to or interact with an CRSP target molecule can be accomplished 
by determining the activity of the target molecule. For example, the activity of the 
target molecule can be determined by detecting induction of a cellular second messenger 
of the target (i.e. intracellular Ca* diacylglycerol, IP 3 , etc.), detecting 
catalytic/enzymatic activity of the target an appropriate substrate, detecting the induction 
of a reporter gene (comprising a CRSP-responsive regulatory element operatively linked 
to a nucleic acid encoding a detectable marker, e.g., luciferase), or detecting a cellular 
response, for example, development, differentiation or rate of proliferation. 

In yet another embodiment, an assay of the present invention is a cell-free assay 
in which a CRSP protein or biologically active portion thereof is contacted with a test 
compound and the ability of the test compound to bind to the CRSP protein or 
biologically active portion thereof is determined. Binding of the test compound to the 
CRSP protein can be determined either directly or indirectly as described above. In a 
preferred embodiment, the assay includes contacting the CRSP protein or biologically 
active portion thereof with a known compound which binds CRSP to form an assay 
mixture, contacting the assay mixture with a test compound, and determining the ability 
of the test compound to interact with a CRSP protein, wherein determining the ability of 
the test compound to interact with a CRSP protein comprises determining the ability of 
the test compound to preferentially bind to CRSP or biologically active portion thereof 
as compared to the known compound. 

In another embodiment, the assay is a cell-free assay in which a CRSP protein or 
biologically active portion thereof is contacted with a test compound and the ability of 
the test compound to modulate (e.g., stimulate or inhibit) the activity of the CRSP 
protein or biologically active portion thereof is determined. Determining the ability of 
the test compound to modulate the activity of a CRSP protein can be accomplished for 
example, by determining the ability of the CRSP protein to bind to a CRSP target ' 
molecule by one of the methods described above for determining direct binding 
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Determining the ability of the CRSP protein to bind to a CRSP target molecule can also 
be accomplished using a technology such as real-time Biomolocular Interacts Analysis 
(BIA) Sjolander, S. and Urbaniczky, C. (1991) Anal. Chem. 63:2338-2345 and Szabo 
et al (1995) Curr. Opin. Struct. Biol. 5:699-705. As used herein, "BIA" is a technology 
for studying biospecific interactions in real time, without labeling any of the interactants 
(e.g., BIAcore™). Changes in the optical phenomenon surface plasmon resonance (SPR) 
can be used as an indication of real-time reactions between biological molecules. 

In an alternative embodiment, determining the ability of the test compound to 
modulate the activity of a CRSP protein can be accomplished by determining the ability 
of the CRSP protein to further modulate the activity of a CRSP target molecule. For 
example, the catalytic/enzymatic activity of the target molecule on an appropriate 
substrate can be determined as previously described. 

In yet another embodiment, the cell-free assay involves contacting a CRSP 
protein or biologically active portion thereof with a known compound which binds the 
5 CRSP protein to form an assay mixture, contacting the assay mixture with a test 

compound, and determining the ability of the test compound to interact with the CRSP 
protein wherein determining the ability of the test compound to interact with the CRSP 
protein comprises determining the ability of the CRSP protein to preferentially bind to 
or modulate the activity of a CRSP target molecule. 

The cell-free assays of the present invention are amenable to use of both soluble 
and/or membrane-bound forms of isolated proteins (e.g. CRSP proteins or biologically 
active portions thereof or CRSP target molecules). In the case of cell-free assays in 
which a membrane-bound form an isolated protein is used (e.g., an CRSP target 
molecule or receptor) it may be desirable to utilize a solubilizing agent such that the 
25 membrane-bound form of the isolated protein is maintained in solution. Examples of 
such solubilizing agents include non-ionic detergents such as n-octylglucoside, n- 
dodecylglucoside, n-dodecylmaltoside, octanoyl-N-methylglucamide, decanoyl-N- 
methylglucamide, Triton® X-100, Triton® X-l 14, Thesit®, Isotridecypoly(ethylene 
glycol ether) n , 3-[(3-cholamidopropyl)dimethylamminio]-l-propane sulfonate (CHAPS), 
30 3-[(3-cholamidopropyl)dimethylamminio]-2-hydroxy- 1 -propane sulfonate (CHAPSO), 
or N-dodecyl=N,N-dimethyl-3-ammonio-l-propane sulfonate. 

In more than one embodiment of the above assay methods of the present 
invention, it may be desirable to immobilize either CRSP or its target molecule to 
facilitate separation of complexed from uncomplexed forms of one or both of the 
35 proteins as well as to accommodate automation of the assay. Binding of a test 

compound to a CRSP protein, or interaction of a CRSP protein with a target molecule in 
the presence and absence of a candidate compound, can be accomplished in any vessel 
suitable for containing the reactants. Examples of such vessels include microtitre plates, 
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test tubes, and micro-centrifuge tubes. In one embodiment, a fusion protein can be 
provided which adds a domain that allows one or both of the proteins to be bound to a 
matrix. For example, glutathione-S-transferase/ CRSP fusion proteins or glutathione-S- 
transferase/target fusion proteins can be adsorbed onto glutathione sepharose beads 
5 (Sigma Chemical, St. Louis, MO) or glutathione derivatized microtitre plates, which are 
then combined with the test compound or the test compound and either the non-adsorbed 
target protein or CRSP protein, and the mixture incubated under conditions conducive to 
complex formation (e.g., at physiological conditions for salt and pH). Following 
incubation, the beads or microtitre plate wells are washed to remove any unbound 
0 components, the matrix immobilized in the case of beads, complex determined either 
directly or indirectly, for example, as described above. Alternatively, the complexes can 
be dissociated from the matrix, and the level of CRSP binding or activity determined 
using standard techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the 
screening assays of the invention. For example, either a CRSP protein or a CRSP target 
molecule can be immobilized utilizing conjugation of biotin and streptavidin. 
Biotinylated CRSP protein or target molecules can be prepared from biotin-NHS (N- 
hydroxy-succinimide) using techniques well known in the art (e.g., biotinylation kit, 
Pierce Chemicals, Rockford, IL), and immobilized in the wells of streptavidin-coated 96 
well plates (Pierce Chemical). Alternatively, antibodies reactive with CRSP protein or 
target molecules but which do not interfere with binding of the CRSP protein to its 
target molecule can be derivatized to the wells of the plate, and unbound target or CRSP 
protein trapped in the wells by antibody conjugation. Methods for detecting such 
complexes, in addition to those described above for the GST-immobilized complexes, 
include immunodetection of complexes using antibodies reactive with the CRSP protein 
or target molecule, as well as enzyme-linked assays which rely on detecting an 
enzymatic activity associated with the CRSP protein or target molecule. 

In another embodiment, modulators of CRSP expression are identified in a 
method wherein a cell is contacted with a candidate compound and the expression of 
CRSP mRNA or protein in the cell is determined. The level of expression of CRSP 
mRNA or protein in the presence of the candidate compound is compared to the level of 
expression of CRSP mRNA or protein in the absence of the candidate compound. The 
candidate compound can then be identified as a modulator of CRSP expression based on 
this comparison. For example, when expression of CRSP mRNA or protein is greater 
(statistically significantly greater) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as a stimulator of CRSP mRNA or protein 
expression. Alternatively, when expression of CRSP mRNA or protein is less 
(statistically significantly less) in the presence of the candidate compound than in its 
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B. Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the 
corresponding complete gene sequences) can be used in numerous ways as 
polynucleotide reagents. For example, these sequences can be used to: (i) map their 
respective genes on a chromosome; and, thus, locate gene regions associated with 
genetic disease; (ii) identify an individual from a minute biological sample (tissue 
typing); and (iii) aid in forensic identification of a biological sample. These applications 
are described in the subsections below. 

1 . Chromosome Mapping 

Once the sequence (or a portion of the sequence) of a gene has been isolated, this 
sequence can be used to map the location of the gene on a chromosome. This process is 
called chromosome mapping. Accordingly, portions or fragments of the CRSP 
nucleotide sequences, described herein, can be used to map the location of the CRSP 
genes on a chromosome. The mapping of the CRSP sequences to chromosomes is an 
important first step in correlating these sequences with genes associated with disease. 

Briefly, CRSP genes can be mapped to chromosomes by preparing PCR primers 
(preferably 15-25 bp in length) from the CRSP nucleotide sequences. Computer 
analysis of the CRSP sequences can be used to predict primers that do not span more 
than one exon in the genomic DNA, thus complicating the amplification process. These 
primers can then be used for PCR screening of somatic cell hybrids containing 
individual human chromosomes. Only those hybrids containing the human gene 
corresponding to the CRSP sequences will yield an amplified fragment. 

Somatic cell hybrids are prepared by fusing somatic cells from different 
mammals (e.g., human and mouse cells). As hybrids of human and mouse cells grow 
and divide, they gradually lose human chromosomes in random order, but retain the 
mouse chromosomes. By using media in which mouse cells cannot grow, because they 
lack a particular enzyme, but human cells can, the one human chromosome that contains 
the gene encoding the needed enzyme, will be retained. By using various media, panels 
of hybrid cell lines can be established. Each cell line in a panel contains either a single 
human chromosome or a small number of human chromosomes, and a full set of mouse 
chromosomes, allowing easy mapping of individual genes to specific human 
chromosomes. (D'Eustachio P. et al. (1983) Science 220:919-924). Somatic cell hybrids 
containing only fragments of human chromosomes can also be produced by using 
human chromosomes with translocations and deletions. 

PCR mapping of somatic cell hybrids is a rapid procedure for assigning a 
particular sequence to a particular chromosome. Three or more sequences can be 
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assigned per day using a single thermal cycler. Using the CRSP nucleotide sequences to 
design oligonucleotide primers, sublocalization can be achieved with panels of 
fragments from specific chromosomes. Other mapping strategies which can similarly be 
used to map a 9o, lp, or lv sequence to its chromosome include in situ hybridization 
5 (described in Fan, Y. et al. (1990) PNAS, 87:6223-27), pre-screening with labeled flow- 
sorted chromosomes, and pre-selection by hybridization to chromosome specific cDNA 
libraries. 

Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 
chromosomal spread can further be used to provide a precise chromosomal location in 
1 0 one step. Chromosome spreads can be made using cells whose division has been 

blocked in metaphase by a chemical such as colcemid that disrupts the mitotic spindle. 
The chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A 
pattern of light and dark bands develops on each chromosome, so that the chromosomes 
can be identified individually. The FISH technique can be used with a DNA sequence 
1 5 as short as 500 or 600 bases. However, clones larger than 1 ,000 bases have a higher 
likelihood of binding to a unique chromosomal location with sufficient signal intensity 
for simple detection. Preferably 1,000 bases, and more preferably 2,000 bases will 
suffice to get good results at a reasonable amount of time. For a review of this 
technique, see Verma et al, Human Chromosomes: A Manual of Basic Techniques 
20 (Pergamon Press, New York 1988). 

Reagents for chromosome mapping can be used individually to mark a single 
chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents corresponding to 
noncoding regions of the genes actually are preferred for mapping purposes. Coding 
25 sequences are more likely to be conserved within gene families, thus increasing the 
chance of cross hybridizations during chromosomal mapping. 

Once a sequence has been mapped to a precise chromosomal location, the 
physical position of the sequence on the chromosome can be correlated with genetic map 
data. (Such data are found, for example, in V. McKusick, Mendelian Inheritance in 
30 Man, available on-line through Johns Hopkins University Welch Medical Library). The 
relationship between a gene and a disease, mapped to the same chromosomal region, can 
then be identified through linkage analysis (co-inheritance of physically adjacent genes), 
described in, for example, Egeland, J. et al. (1987) Nature, 325:783-787. 

Moreover, differences in the DNA sequences between individuals affected and 
3 5 unaffected with a disease associated with the CRSP gene, can be determined. If a 

mutation is observed in some or all of the affected individuals but not in any unaffected 
individuals, then the mutation is likely to be the causative agent of the particular disease. 
Comparison of affected and unaffected individuals generally involves first looking for 
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structural alterations in the chromosomes, such as deletions or translocations that are 
visible from chromosome spreads or detectable using PCR based on that DNA sequence. 
Ultimately, complete sequencing of genes from several individuals can be performed to 
confirm the presence of a mutation and to distinguish mutations from polymorphisms. 

5 

2. Tissue Typing 

The CRSP sequences of the present invention can also be used to identify 
individuals from minute biological samples. The United States military, for example, is 
considering the use of restriction fragment length polymorphism (RFLP) for 

1 0 identification of its personnel. In this technique, an individual's genomic DNA is 

digested with one or more restriction enzymes, and probed on a Southern blot to yield 
unique bands for identification. This method does not suffer from the current limitations 
of M Dog Tags" which can be lost, switched, or stolen, making positive identification 
difficult The sequences of the present invention are useful as additional DNA markers 

1 5 for RFLP (described in U.S. Patent 5,272,057). 

Furthermore, the sequences of the present invention can be used to provide an 
alternative technique which determines the actual base-by-base DNA sequence of 
selected portions of an individual's genome. Thus, the CRSP nucleotide sequences 
described herein can be used to prepare two PCR primers from the 5' and 3' ends of the 

20 sequences. These primers can then be used to amplify an individual's DNA and 
subsequently sequence it. 

Panels of corresponding DNA sequences from individuals, prepared in this 
manner, can provide unique individual identifications, as each individual will have a 
unique set of such DNA sequences due to allelic differences. The sequences of the 

25 present invention can be used to obtain such identification sequences from individuals 
and from tissue. The CRSP nucleotide sequences of the invention uniquely represent 
portions of the human genome. Allelic variation occurs to some degree in the coding 
regions of these sequences, and to a greater degree in the noncoding regions. It is 
estimated that allelic variation between individual humans occurs with a frequency of 

30 about once per each 500 bases. Each of the sequences described herein can, to some 
degree, be used as a standard against which DNA from an individual can be compared 
for identification purposes. Because greater numbers of polymorphisms occur in the 
noncoding regions, fewer sequences are necessary to differentiate individuals. The 
noncoding sequences of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID 

35 NO: 10, can comfortably provide positive individual identification with a panel of 

perhaps 10 to 1,000 primers which each yield a noncoding amplified sequence of 100 
bases. If predicted coding sequences, such as those in SEQ ID NO:3, SEQ ID NO:6, 
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SEQ ID NO:9, or SEQ ID NO: 12 are used, a more appropriate number of primers for 
positive individual identification would be 500-2,000. 

If a panel of reagents from CRSP nucleotide sequences described herein is used 
to generate a unique identification database for an individual, those same reagents can 
later be used to identify tissue from that individual. Using the unique identification 
database, positive identification of the individual, living or dead, can be made from 
extremely small tissue samples. 



3. Use of Partial CRSP Sequences in Forensic Biology 
DNA-based identification techniques can also be used in forensic biology. 
Forensic biology is a scientific field employing genetic typing of biological evidence 
found at a crime scene as a means for positively identifying, for example, a perpetrator 
of a crime. To make such an identification, PCR technology can be used to amplify 
DNA sequences taken from very small biological samples such as tissues, e.g., hair or 
skin, or body fluids, e.g., blood, saliva, or semen found at a crime scene. The amplified 
sequence can then be compared to a standard, thereby allowing identification of the 
origin of the biological sample. 

The sequences of the present invention can be used to provide polynucleotide 
reagents, e.g., PCR primers, targeted to specific loci in the human genome, which can 
enhance the reliability of DNA-based forensic identifications by, for example, providing 
another "identification marker" (i.e. another DNA sequence that is unique to a particular 
individual). As mentioned above, actual base sequence information can be used for 
identification as an accurate alternative to patterns formed by restriction enzyme 
generated fragments. Sequences targeted to noncoding regions of SEQ ID NOs: 1 , SEQ 
ID NO:4, SEQ ID NO:7, or SEQ ID NO: 10 are particularly appropriate for this use as 
greater numbers of polymorphisms occur in the noncoding regions, making it easier to 
differentiate individuals using this technique. Examples of polynucleotide reagents 
include the CRSP nucleotide sequences or portions thereof, e.g., fragments derived from 
the noncoding regions of SEQ ID NO: 1 , SEQ ID NO:4, SEQ ID NO:7, or SEQ ID 
NO: 10, having a length of at least 20 bases, preferably at least 30 bases. 

The CRSP nucleotide sequences described herein can further be used to provide 
polynucleotide reagents, e.g., labeled or labelable probes which can be used in, for 
example, an in situ hybridization technique, to identify a specific tissue, e.g., brain 
tissue. This can be very useful in cases where a forensic pathologist is presented with a 
tissue of unknown origin. Panels of such CRSP probes can be used to identify tissue by 
species and/or by organ type. 
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genomic DNA. Other suitable probes for use in the diagnostic assays of the invention 
are described herein. 

A preferred agent for detecting CRSP protein is an antibody capable of binding 
to CRSP protein, preferably an antibody with a detectable label. Antibodies can be 
5 polyclonal, or more preferably, monoclonal. An intact antibody, or a fragment thereof 
(e.g., Fab or F(ab')2) can be used. The term "labeled", with regard to the probe or 
antibody, is intended to encompass direct labeling of the probe or antibody by coupling 
(i.e., physically linking) a detectable substance to the probe or antibody, as well as 
indirect labeling of the probe or antibody by reactivity with another reagent that is 

10 directly labeled. Examples of indirect labeling include detection of a primary antibody 
using a fluorescently labeled secondary antibody and end-labeling of a DNA probe with 
biotin such that it can be detected with fluorescently labeled streptavidin. The term 
"biological sample" is intended to include tissues, cells and biological fluids isolated 
from a subject, as well as tissues, cells and fluids present within a subject. That is, the 

15 detection method of the invention can be used to detect CRSP mRNA, protein, or 

genomic DNA in a biological sample in vitro as well as in vivo. For example, in vitro 
techniques for detection of CRSP mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of CRSP protein include enzyme linked 
immunosorbent assays (ELISAs), Western blots, immunoprecipitations and 

20 immunofluorescence. In vitro techniques for detection of CRSP genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of CRSP protein 
include introducing into a subject a labeled anti-CRSP antibody. For example, the 
antibody can be labeled with a radioactive marker whose presence and location in a 
subject can be detected by standard imaging techniques. 

25 In one embodiment, the biological sample contains protein molecules from the 

test subject. Alternatively, the biological sample can contain mRNA molecules from the 
test subject or genomic DNA molecules from the test subject. A preferred biological 
sample is a serum sample isolated by conventional means from a subject. 

In another embodiment, the methods further involve obtaining a control 

30 biological sample from a control subject, contacting the control sample with a 

compound or agent capable of detecting CRSP protein, mRNA, or genomic DNA, such 
that the presence of CRSP protein, mRNA or genomic DNA is detected in the biological 
sample, and comparing the presence of CRSP protein, mRNA or genomic DNA in the 
control sample with the presence of CRSP protein, mRNA or genomic DNA in the test 

35 sample. 

The invention also encompasses kits for detecting the presence of CRSP in a 
biological sample. For example, the kit can comprise a labeled compound or agent 
capable of detecting CRSP protein or mRNA in a biological sample; means for 
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determining the amount of CRSP in the sample; and means for comparing the amount of 
CRSP in the sample with a standard. The compound or agent can be packaged in a 
suitable container. The kit can further comprise instructions for using the kit to detect 
CRSP protein or nucleic acid. 

2. Prnpnostic Assays 

The diagnostic methods described herein can furthermore be utilized to identify 
subjects having or at risk of developing a disease or disorder associated with aberrant 
CRSP expression or activity. For example, the assays described herein, such as the 
preceding diagnostic assays or the following assays, can be utilized to identify a subject 
having or at risk of developing a disorder associated with CRSP protein, nucleic acid 
expression or activity such as a proliferative disorder, a differentiative or developmental 
disorder, or a hematopoietic disorder. Alternatively, the prognostic assays can be 
utilized to identify a subject having or at risk for developing a differentiative or 
i proliferative disease (e.g., cancer). Thus, the present invention provides a method for 
identifying a disease or disorder associated with aberrant CRSP expression or activity in 
which a test sample is obtained from a subject and CRSP protein or nucleic acid (e.g, 
mRNA, genomic DNA) is detected, wherein the presence of CRSP protein or nucleic 
acid is diagnostic for a subject having or at risk of developing a disease or disorder 
) associated with aberrant CRSP expression or activity. As used herein, a "test sample- 
refers to a biological sample obtained from a subject of interest. For example, a test 
sample can be a biological fluid (e.g., serum), cell sample, or tissue. 

Furthermore, the prognostic assays described herein can be used to determine 
whether a subject can be administered an agent (e.g., an agonist, antagonist, 
25 peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate) 
to treat a disease or disorder associated with aberrant CRSP expression or activity. For 
example, such methods can be used to determine whether a subject can be effectively 
treated with an agent for a disorder, such as a proliferative disorder, a differentiative or 
developmental disorder, or a hematopoietic disorder. Alternatively, such methods can 
30 be used to determine whether a subject can be effectively treated with an agent for a 
differentiative or proliferative disease (e.g., cancer). Thus, the present invention 
provides methods for determining whether a subject can be effectively treated with an 
agent for a disorder associated with aberrant CRSP expression or activity in which a test 
sample is obtained and CRSP protein or nucleic acid expression or activity is detected 
35 (e.g., wherein the abundance of CRSP protein or nucleic acid expression or activity is 
diagnostic for a subject that can be administered the agent to treat a disorder associated 
with aberrant CRSP expression or activity.) 
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The methods of the invention can also be used to detect genetic alterations in an 
CRSP gene, thereby determining if a subject with the altered gene is at risk for a 
disorder characterized by aberrant development, aberrant cellular differentiation, 
aberrant cellular proliferation or an aberrant hematopoietic response. In preferred 
5 embodiments, the methods include detecting, in a sample of cells from the subject, the 
presence or absence of a genetic alteration characterized by at least one of an alteration 
affecting the integrity of a gene encoding a CRSP-protein, or the mis-expression of the 
CRSP gene. For example, such genetic alterations can be detected by ascertaining the 
existence of at least one of 1) a deletion of one or more nucleotides from an CRSP gene; 

10 2) an addition of one or more nucleotides to a CRSP gene; 3) a substitution of one or 
more nucleotides of a CRSP gene, 4) a chromosomal rearrangement of a CRSP gene; 5) 
an alteration in the level of a messenger RNA transcript of a CRSP gene, 6) aberrant 
modification of a CRSP gene, such as of the methylation pattern ot the genomic DNA, 
7) the presence of a non-wild type splicing pattern of a messenger RNA transcript of a 

1 5 CRSP gene, 8) a non-wild type level of a CRSP-protein, 9) allelic loss of a CRSP gene, 
and 10) inappropriate post-translational modification of a CRSP-protein. As described 
herein, there are a large number of assay techniques known in the art which can be used 
for detecting alterations in a CRSP gene. A preferred biological sample is a tissue or 
serum sample isolated by conventional means from a subject. 

20 In certain embodiments, detection of the alteration involves the use of a 

probe/primer in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos. 
4,683,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a 
ligation chain reaction (LCR) (see, e.g., Landegran et al (1988) Science 241 :1077-1080; 
and Nakazawa et al (1994) PNAS 91 :360-364), the latter of which can be particularly 

25 useful for detecting point mutations in the CRSP-gene (see Abravaya et al (1995) 
Nucleic Acids Res .23:675-682). This method can include the steps of collecting a 
sample of cells from a patient, isolating nucleic acid (e.g., genomic, mRNA or both) 
from the cells of the sample, contacting the nucleic acid sample with one or more 
primers which specifically hybridize to a CRSP gene under conditions such that 

30 hybridization and amplification of the CRSP-gene (if present) occurs, and detecting the 
presence or absence of an amplification product, or detecting the size of the 
amplification product and comparing the length to a control sample. It is anticipated 
that PCR and/or LCR may be desirable to use as a preliminary amplification step in 
conjunction with any of the techniques used for detecting mutations described herein. 

35 Alternative amplification methods include: self sustained sequence replication 

(Guatelli, J.C. et ai 9 1990, Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional 
amplification system (Kwoh, D.Y. et al, 1989, Proc. Natl. Acad. Sci. USA 86:1 173- 
1 177), Q-Beta Replicase (Lizardi, P.M. et all, 1988, Bio/Technology 6:1 197), or any 
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other nucleic acid amplification method, followed by the detection of the amplified 
molecules using techniques well known to those of skill in the art. These detection 
schemes are especially useful for the detection of nucleic acid molecules if such 
molecules are present in very low numbers. 

In an alternative embodiment, mutations in a CRSP gene from a sample cell can 
be identified by alterations in restriction enzyme cleavage patterns. For example, 
sample and control DNA is isolated, amplified (optionally), digested with one or more 
restriction endonucleases, and fragment length sizes are determined by gel 
electrophoresis and compared. Differences in fragment length sizes between sample and 
control DNA indicates mutations in the sample DNA. Moreover, the use of sequence 
specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score 
for the presence of specific mutations by development or loss of a ribozyme cleavage 
site. 

In other embodiments, genetic mutations in CRSP can be identified by 
hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high density 
arrays containing hundreds or thousands of oligonucleotides probes (Cronin, M.T. et al 
(1996) Human Mutation 7: 244-255; Kozal, M.J. et al. (1996) Nature Medicine 2: 753- 
759). For example, genetic mutations in CRSP can be identified in two dimensional 
arrays containing light-generated DNA probes as described in Cronin, M.T. et al supra. 
Briefly, a first hybridization array of probes can be used to scan through long stretches 
of DNA in a sample and control to identify base changes between the sequences by 
making linear arrays of sequential ovelapping probes. This step allows the identification 
of point mutations. This step is followed by a second hybridization array that allows the 
characterization of specific mutations by using smaller, specialized probe arrays 
complementary to all variants or mutations detected. Each mutation array is composed 
of parallel probe sets, one complementary to the wild-type gene and the other 
complementary to the mutant gene. 

In yet another embodiment, any of a variety of sequencing reactions known in 
the art can be used to directly sequence the CRSP gene and detect mutations by 
comparing the sequence of the sample CRSP with the corresponding wild-type (control) 
sequence. Examples of sequencing reactions include those based on techniques 
developed by Maxim and Gilbert ((1977) PNAS 74:560) or Sanger ((1977) PNAS 
74:5463). It is also contemplated that any of a variety of automated sequencing 
procedures can be utilized when performing the diagnostic assays ((1995) Biotechniques 
19:448), including sequencing by mass spectrometry (see, e.g., PCT International 
Publication No. WO 94/16101; Cohen et al (1996) Adv. Chromatogr. 36:127-162; and 
Griffin e/ al (1993) Appl Biochem. Biotechnol 38:147-159). 
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Other methods for detecting mutations in the CRSP gene include methods in 
which protection from cleavage agents is used to detect mismatched bases in RNA/RNA 
or RNA/DNA heteroduplexes (Myers et al (1985) Science 230:1242). In general, the 
art technique of "mismatch cleavage" starts by providing heteroduplexes of formed by 
5 hybridizing (labeled) RNA or DNA containing the wild-type CRSP sequence with 
potentially mutant RNA or DNA obtained from a tissue sample. The double-stranded 
duplexes are treated with an agent which cleaves single-stranded regions of the duplex 
such as which will exist due to basepair mismatches between the control and sample 
strands. For instance, RNA/DNA duplexes can be treated with RNase and DNA/DNA 
10 hybrids treated with SI nuclease to enzymatically digesting the mismatched regions. In 
other embodiments, either DNA/DNA or RNA/DNA duplexes can be treated with 
hydroxylamine or osmium tetroxide and with piperidine in order to digest mismatched 
regions. After digestion of the mismatched regions, the resulting material is then 
separated by size on denaturing polyacrylamide gels to determine the site of mutation. 
15 See, for example, Cotton et al. (1988) Proc. Natl Acad Sci USA 85:4397; Saleeba et al 
(1992) Methods Enzymol. 217:286-295. In a preferred embodiment, the control DNA or 
RNA can be labeled for detection. 

In still another embodiment, the mismatch cleavage reaction employs one or 
more proteins that recognize mismatched base pairs in double-stranded DNA (so called 
20 "DNA mismatch repair" enzymes) in defined systems for detecting and mapping point 
mutations in CRSP cDNAs obtained from samples of cells. For example, the mutY 
enzyme of E. coli cleaves A at G/A mismatches and the thymidine DNA glycosylase 
from HeLa cells cleaves T at G/T mismatches (Hsu et al. (1994) Carcinogenesis 
1 5: 1657-1662). According to an exemplary embodiment, a probe based on an CRSP 
25 sequence, e.g., a wild-type CRSP sequence, is hybridized to a cDNA or other DNA 

product from a test cell(s). The duplex is treated with a DNA mismatch repair enzyme, 
and the cleavage products, if any, can be detected from electrophoresis protocols or the 
like. See, for example, U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to 
30 identify mutations in CRSP genes. For example, single strand conformation 

polymorphism (SSCP) may be used to detect differences in electrophoretic mobility 
between mutant and wild type nucleic acids (Orita et al. (1989) Proc Natl Acad. Sci 
USA: 86:2766, see also Cotton (1993) Mutat Res 285:125-144; and Hayashi (1992) 
Genet Anal Tech Appl 9:73-79). Single-stranded DNA fragments of sample and control 
35 CRSP nucleic acids will be denatured and allowed to renature. The secondary structure 
of single-stranded nucleic acids varies according to sequence, the resulting alteration in 
electrophoretic mobility enables the detection of even a single base change. The DNA 
fragments may be labeled or detected with labeled probes. The sensitivity of the assay 



MEI-008 

-63- 

may be enhanced by using RNA (rather than DNA), in which the secondary structure is 
more sensitive to a change in sequence. In a preferred embodiment, the subject method 
utilizes heteroduplex analysis to separate double stranded heteroduplex molecules on the 
basis of changes in electrophoretic mobility (Keen et al (1991) Trends Genet 7:5). 

In yet another embodiment the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing 
gradient gel electrophoresis (DGGE) (Myers et al. (1985) Nature 3 13:495). When 
DGGE is used as the method of analysis, DNA will be modified to insure that it does not 
completely denature, for example by adding a GC clamp of approximately 40 bp of 
high-melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient is 
used in place of a denaturing gradient to identify differences in the mobility of control 
and sample DNA (Rosenbaum and Reissner (1987) Biophys Chem 265:12753). 

Examples of other techniques for detecting point mutations include, but are not 
limited to, selective oligonucleotide hybridization, selective amplification, or selective 
primer extension. For example, oligonucleotide primers may be prepared in which the 
known mutation is placed centrally and then hybridized to target DNA under conditions 
which permit hybridization only if a perfect match is found (Saiki et al. (1986) Nature 
324:163); Saiki et al. (1989) Proc. Natl Acad. Sci USA 86:6230). Such allele specific 
oligonucleotides are hybridized to PCR amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 
hybridized with labeled target DNA. 

Alternatively, allele specific amplification technology which depends on 
selective PCR amplification may be used in conjunction with the instant invention. 
Oligonucleotides used as primers for specific amplification may carry the mutation of 
interest in the center of the molecule (so that amplification depends on differential 
hybridization) (Gibbs et al (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3 
' end of one primer where, under appropriate conditions, mismatch can prevent, or 
reduce polymerase extension (Prossner (1993) Tibtech 1 1 :238). In addition it may be 
desirable to introduce a novel restriction site in the region of the mutation to create 
cleavage-based detection (Gasparini et al (1992) Mol Cell Probes 6:1). It is anticipated 
that in certain embodiments amplification may also be performed using Taq ligase for 
amplification (Barany (1991) Proc Natl. Acad. Sci USA 88:189). In such cases, ligation 
will occur only if there is a perfect match at the 3' end of the 5' sequence making it 
possible to detect the presence of a known mutation at a specific site by looking for the 
presence or absence of amplification. 

The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent 
described herein, which may be conveniently used, e.g., in clinical settings to diagnose 
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patients exhibiting symptoms or family history of a disease or illness involving a CRSP 
gene. 

Furthermore, any cell type or tissue in which CRSP is expressed may be utilized 
in the prognostic assays described herein. 

3- Monitoring of Effects During Clinical Trials 

Monitoring the influence of agents (e.g., drugs, compounds) on the expression or 
activity of CRSP (e.g., modulation of cellular signal transduction, regulation of gene 
transcription in a cell involved in development or differentiation, regulation of cellular 
proliferation) can be applied not only in basic drug screening, but also in clinical trials. 
For example, the effectiveness of an agent determined by a screening assay as described 
herein to increase CRSP gene expression, protein levels, or upregulate CRSP activity, 
can be monitored in clinical trails of subjects exhibiting decreased CRSP gene 
expression, protein levels, or downregulated CRSP activity. Alternatively, the 
effectiveness of an agent determined by a screening assay to decrease CRSP gene 
expression, protein levels, or downregulate CRSP activity, can be monitored in clinical 
trails of subjects exhibiting increased CRSP gene expression, protein levels, or 
upregulated CRSP activity. In such clinical trials, the expression or activity of CRSP 
and, preferably, other genes that have been implicated in, for example, a proliferative 
disorder can be used as a "read out" or markers of the phenotype of a particular cell. 

For example, and not by way of limitation, genes, including CRSP, that are 
modulated in cells by treatment with an agent (e.g., compound, drug or small molecule) 
which modulates CRSP activity (e.g., identified in a screening assay as described herein) 
can be identified. Thus, to study the effect of agents on proliferative disorders, 
developmental or differentiative disorder, or hematopoietic disorder, for example, in a 
clinical trial, cells can be isolated and RNA prepared and analyzed for the levels of 
expression of CRSP and other genes implicated in the proliferative disorder, 
developmental or differentiative disorder, or hematopoietic disorder, respectively. The 
levels of gene expression (i.e., a gene expression pattern) can be quantified by Northern 
blot analysis or RT-PCR, as described herein, or alternatively by measuring the amount 
of protein produced, by one of the methods as described herein, or by measuring the 
levels of activity of CRSP or other genes. In this way, the gene expression pattern can 
serve as a marker, indicative of the physiological response of the cells to the agent. 
Accordingly, this response state may be determined before, and at various points during 
treatment of the individual with the agent. 

In a preferred embodiment, the present invention provides a method for 
monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist, 
antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug 
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candidate identified by the screening assays described herein) comprising the steps of (i) 
obtaining a pre-administration sample from a subject prior to administration of the 
agent; (ii) detecting the level of expression of a CRSP protein, mRNA, or genomic DNA 
in the preadministration sample; (iii) obtaining one or more post-administration samples 
5 from the subject; (iv) detecting the level of expression or activity of the CRSP protein, 
mRNA, or genomic DNA in the post-administration samples; (v) comparing the level of 
expression or activity of the CRSP protein, mRNA, or genomic DNA in the pre- 
administration sample with the CRSP protein, mRNA, or genomic DNA in the post 
administration sample or samples; and (vi) altering the administration of the agent to the 

10 subject accordingly. For example, increased administration of the agent may be 

desirable to increase the expression or activity of CRSP to higher levels than detected, 
i.e., to increase the effectiveness of the agent. Alternatively, decreased administration of 
the agent may be desirable to decrease expression or activity of CRSP to lower levels 
than detected, i.e. to decrease the effectiveness of the agent. According to such an 

1 5 embodiment, CRSP expression or activity may be used as an indicator of the 

effectiveness of an agent, even in the absence of an observable phenotypic response. 

C. Methods of Treatment : 

The present invention provides for both prophylactic and therapeutic methods of 
20 treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
with aberrant CRSP expression or activity. With regards to both prophylactic and 
therapeutic methods of treatment, such treatments may be specifically tailored or 
modified, based on knowledge obtained from the field of pharmacogenomics. 
"Pharmacogenomics", as used herein, refers to the application of genomics technologies 
25 such as gene sequencing, statistical genetics, and gene expression analysis to drugs in 
clinical development and on the market. More specifically, the term refers the study of 
how a patient's genes determine his or her response to a drug (e.g., a patient's "drug 
response phenotype", or "drug response genotype".) Thus, another aspect of the 
invention provides methods for tailoring an individual's prophylactic or therapeutic 
30 treatment with either the CRSP molecules of the present invention or CRSP modulators 
according to that individual's drug response genotype. Pharmacogenomics allows a 
clinician or physician to target prophylactic or therapeutic treatments to patients who 
will most benefit from the treatment and to avoid treatment of patients who will 
experience toxic drug-related side effects. 



35 
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1. Prophylactic Methods 

In one aspect, the invention provides a method for preventing in a subject, a 
disease or condition associated with an aberrant CRSP expression or activity, by 
administering to the subject an agent which modulates CRSP expression or at least one 
5 CRSP activity. Subjects at risk for a disease which is caused or contributed to by 
aberrant CRSP expression or activity can be identified by, for example, any or a 
combination of diagnostic or prognostic assays as described herein. Administration of a 
prophylactic agent can occur prior to the manifestation of symptoms characteristic of the 
CRSP aberrancy, such that a disease or disorder is prevented or, alternatively, delayed in 
10 its progression. Depending on the type of CRSP aberrancy, for example, an CRSP 

agonist or CRSP antagonist agent can be used for treating the subject. The appropriate 
agent can be determined based on screening assays described herein. The prophylactic 
methods of the present invention are further discussed in the following subsections. 

15 2. Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating CRSP 
expression or activity for therapeutic purposes. The modulatory method of the invention 
involves contacting a cell with an agent that modulates one or more of the activities of 
CRSP protein activity associated with the cell. An agent that modulates CRSP protein 

20 activity can be an agent as described herein, such as a nucleic acid or a protein, a 
naturally-occurring target molecule of a CRSP protein, a peptide, a CRSP 
peptidomimetic, or other small molecule. In one embodiment, the agent stimulates one 
or more CRSP protein activity. Examples of such stimulatory agents include active 
CRSP protein and a nucleic acid molecule encoding CRSP that has been introduced into 

25 the cell. In another embodiment, the agent inhibits one or more CRSP protein activity. 
Examples of such inhibitory agents include antisense CRSP nucleic acid molecules and 
anti-CRSP antibodies. These modulatory methods can be performed in vitro (e.g., by 
culturing the cell with the agent) or, alternatively, in vivo (e.g, by administering the 
agent to a subject). As such, the present invention provides methods of treating an 

30 individual afflicted with a disease or disorder characterized by aberrant expression or 
activity of a CRSP protein or nucleic acid molecule. In one embodiment, the method 
involves administering an agent (e.g., an agent identified by a screening assay described 
herein), or combination of agents that modulates (e.g., upregulates or downregulates) 
CRSP expression or activity. In another embodiment, the method involves 

35 administering a CRSP protein or nucleic acid molecule as therapy to compensate for 
reduced or aberrant CRSP expression or activity. 

Stimulation of CRSP activity is desirable in situations in which CRSP is 
abnormally downregulated and/or in which increased CRSP activity is likely to have a 
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beneficial effect. Likewise, inhibition of CRSP activity is desirable in situations in 
which CRSP is abnormally upregulated and/or in which decreased CRSP activity is 
likely to have a beneficial effect. One example of such a situation is where a subject has 
a disorder characterized by aberrant development or cellular differentiation. Another 
5 example of such a situation is where the subject has a proliferative disease (e.g., cancer) 
or a disorder characterized by an aberrant hematopoietic response. Yet another example 
L, of such a situation is where it is drcireafc toJehe^& tissue regeneration in a subject 
(e.g., where a subject has undergone brain or spinal cord injury and it is desirable to 
regenerate neuronal tissue in a regulated manner.) 

10 

3. Pharmaco genomics 

The CRSP molecules of the present invention, as well as agents, or modulators 
which have a stimulatory or inhibitory effect on CRSP activity (e.g., CRSP gene 
expression) as identified by a screening assay described herein can be administered to 
1 5 individuals to treat (prophylactically or therapeutically) disorders (e.g, proliferative or 
developmental disorders) associated with aberrant CRSP activity. In conjunction with 
such treatment, pharmacogenomics (i.e., the study of the relationship between an 
individual's genotype and that individual's response to a foreign compound or drug) may 
be considered. Differences in metabolism of therapeutics can lead to severe toxicity or 
20 therapeutic failure by altering the relation between dose and blood concentration of the 
pharmacologically active drug. Thus, a physician or clinician may consider applying 
knowledge obtained in relevant pharmacogenomics studies in determining whether to 
administer an CRSP molecule or CRSP modulator as well as tailoring the dosage and/or 
therapeutic regimen of treatment with an CRSP molecule or CRSP modulator. 
25 Pharmacogenomics deals with clinically significant hereditary variations in the 

response to drugs due to altered drug disposition and abnormal action in affected 
persons. See e.g., Eichelbaum, M., Clin Exp Pharmacol Physiol, 1996, 23(10-1 1) :983- 
985 and Linder, M.W., Clin Chem, 1997, 43(2):254-266. In general, two types of 
pharmacogenetic conditions can be differentiated. Genetic conditions transmitted as a 
30 single factor altering the way drugs act on the body (altered drug action) or genetic 

conditions transmitted as single factors altering the way the body acts on drugs (altered 
drug metabolism). These pharmacogenetic conditions can occur either as rare genetic 
defects or as naturally-occurring polymorphisms. For example, glucose-6-phosphate 
dehydrogenase deficiency (G6PD) is a common inherited enzymopathy in which the 
3 5 main clinical complication is haemolysis after ingestion of oxidant drugs (anti-malarials, 
sulfonamides, analgesics, nitrofurans) and consumption of fava beans. 

One pharmacogenomics approach to identifying genes that predict drug 
response, known as "a genome- wide association", relies primarily on a high-resolution 
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map of the human genome consisting of already known gene-related markers (e.g., a "bi- 
allelic" gene marker map which consists of 60,000-100,000 polymorphic or variable 
sites on the human genome, each of which has two variants.) Such a high-resolution 
genetic map can be compared to a map of the genome of each of a statistically 
significant number of patients taking part in a Phase II/III drug trial to identify markers 
associated with a particular observed drug response or side effect. Alternatively, such a 
high resolution map can be generated from a combination of some ten-million known 
single nucleotide polymorphisms (SNPs) in the human genome. As used herein, a 
"SNP" is a common alteration that occurs in a single nucleotide base in a stretch of 
DNA. For example, a SNP may occur once per every 1000 bases of DNA. A SNP may 
be involved in a disease process, however, the vast majority may not be disease- 
associated. Given a genetic map based on the occurrence of such SNPs, individuals can 
be grouped into genetic categories depending on a particular pattern of SNPs in their 
individual genome. In such a manner, treatment regimens can be tailored to groups of 
1 5 genetically similar individuals, taking into account traits that may be common among 
such genetically similar individuals. 

Alternatively, a method termed the "candidate gene approach", can be utilized to 
identify genes that predict drug response. According to this method, if a gene that 
encodes a drugs target is known (e.g., a CRSP protein or CRSP receptor of the present 
20 invention), all common variants of that gene can be fairly easily identified in the 

population and it can be determined if having one version of the gene versus another is 
associated with a particular drug response. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a 
major determinant of both the intensity and duration of drug action. The discovery of 
25 genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 
2) and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation 
as to why some patients do not obtain the expected drug effects or show exaggerated 
drug response and serious toxicity after taking the standard and safe dose of a drug. 
These polymorphisms are expressed in two phenotypes in the population, the extensive 
30 metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among 
different populations. For example, the gene coding for CYP2D6 is highly polymorphic 
and several mutations have been identified in PM, which all lead to the absence of 
functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 quite frequently 
experience exaggerated drug response and side effects when they receive standard doses. 
35 If a metabolite is the active therapeutic moiety, PM show no therapeutic response, as 
demonstrated for the analgesic effect of codeine mediated by its CYP2D6-formed 
metabolite morphine. The other extreme are the so called ultra-rapid metabolizers who 
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do not respond to standard doses. Recently, the molecular basis of ultra-rapid 
metabolism has been identified to be due to CYP2D6 gene amplification. 

Alternatively, a method termed the M gene expression profiling", can be utilized to 
identify genes that predict drug response. For example, the gene expression of an 
5 animal dosed with a drug (e.g., a CRSP molecule or CRSP modulator of the present 
invention) can give an indication whether gene pathways related to toxicity have been 
turned on. 

Information generated from more than one of the above pharmacogenomics 
approaches can be used to determine appropriate dosage and treatment regimens for 
10 prophylactic or therapeutic treatment an individual. This knowledge, when applied to 
dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with a CRSP 
molecule or CRSP modulator, such as a modulator identified by one of the exemplary 
screening assays described herein. 

15 

This invention is further illustrated by the following examples which should not 
be construed as limiting. The contents of all references, patents and published patent 
applications cited throughout this application are hereby incorporated by reference. 

20 

EXAMPLES 

Example 1: Isolation And Characterization of Human CRSP-1 cDNA 

In this example, the isolation and characterization of the gene encoding human 
25 CRSP-1 (also referred to as "CRISPY-l" or "TANGO 59") is described. 

Isolation of the human CRSP-1 cDNA 

The invention is based at least in part on the discovery of a human gene encoding 
a secreted protein, referred to herein as Cysteine Rich Secreted Protein- 1 (CRSP-1). A 

30 partial cDNA was isolated using a Signal Sequence Trap method. This methodology 
takes advantage of the fact that molecules such as CRSP have an amino terminal signal 
sequence which directs certain secreted and membrane-bound proteins through the 
cellular secretory apparatus. 

Briefly, a randomly primed cDNA library using mRNA prepared from human 

35 fetal brain tissue (Clontech, Palo Alto CA) was made by using the Stratagene-ZAP- 
cDNA Synthesis™ kit, (catalog #20041). The cDNA was ligated into the mammalian 
expression vector pTrap adjacent to a cDNA encoding placental alkaline phosphatase 
lacking a secretory signal. The plasmids were transformed into E. coli and DNA was 
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COsT e 8 t t T * (Pr ° mega) - ° NA - ~ed into 

COS-7 cells with Hpofectamine™ (Gibco-BRL). After 48 hours incubation the COS cell 

supernatant* were assayed for alkaline phosphatase on a Wallac Micro-Beta scintillation 

5 T Z Ph ° Spha - Light ™ k " ^ Catalog #BP300, The individual 

plasmid DNAs scoring positive in the COS cell Alkaline Phosphatase secretion assav 
were further analyzed by DNA sequencing using standard procedures 

Using a partial cDNA isolated by the above-described method, a full length 
cDNA encoding human CRSP-1 was cloned. The nucleotide sequence encoding the fiu, 
^ngth human CRSP-1 protein is shown in Figure 1 and is set forth as SEQ ID NO- 1 
The Ml length protein encoded by this nucleic acid is comprised of about 350 amino' 
acids and has the amino acid sequence shown in Figure 1 and set forth as SEQ ID NO-2 
The codmg portion (open reading frame) of SEQ ID NO:l is set forth as SEQ ID NO:3. ' 

Analysis of Hu man CRSP-1 
15 Determination of the hydrophobicity profile of human CRSP-1 having the amino 

add sequence set forth in SEQ ID NO:2 indicated the presence of a hydrophobic region 
from about ammo acid 1 to about amino acid 23 of SEQ ID NO:2. The presence of the 
signal sequence, in addition to the fact that CRSP-1 has been identified using a Signal 
Sequence Tn,p system, indicates that CRSP-1 is a secreted protein. Furthermore, the 
20 predion of such a signal peptide and signal peptide cleavage site can be made for 
example, utilizing the computer algorithm SIGNALP (Henrik. et al. (1997) Proteir 
Engineering 10:1-6). ' 

Furthermore, when the cDNA encoding human CRSP-1 was expressed in 
bacterial cells with a C-terminal FLAG tag, the FLAG-tagged CRSP-1 protein product 
25 was found to be secreted in to the cellular medium. 

PP„p Examination of 'SNA sequence depicted in Figure 1 shows that human 
CRSP-1 is particularly rich in cysteine residues. As shown in Figure 1 CRSP 1 

r P mn S MnT ine ***** ^ add 147 ^ ™™ 284 of 

bEQ ID NO: 2. These cysteine residues can possibly form 1 0 disulfide bridges 

A BLAST search (Altschul et al. (1990) J. Mol. Biol. 215:403) of the nucleotide 

and the ammo acid sequences of CRSP-1 has revealed that CRSP-1 is significantly 

similar to a chicken cDNA encoding a protein of unknown function having GenBank 

Accession No. D2631 1. This cDNA was isolated from a chicken lens cDNA library and 

15 Tli n t0 eX T ed " fib6rS ^ l6nS Cpithe,iUm ' bUt «* in — 1 -tina nor 
»5 in 1 ver cells . (Sawada et al. (1996) Int. J. Dev. Biol. 40:53 1). CRSP-1 and the chicken 

protein have 56% amino acid sequence identity and 7 2 o/ 0 ^ acid sequence gj 

The ammo acid sequence similarity between the chicken protein and human CRSP-1 is 

particularly high in the cysteine-rich domain of CRSP-1 which is located between amino 
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acids 147 and 284 of SEQ ID NO: 2. In particular, the 20 cysteine residues of CRSP-1 
located in this region are present in the chicken protein (see Figure 3). 

Ti^ne Distribl ^™ nf P.RSP-1 mRNA 
5 This Example describes the tissue distribution of CRSP-1 mRNA, as determined 

by Northern blot hybridization. 

Northern blot hybridizations with the various RNA samples were performed 
under standard conditions and washed under stringent conditions, i.e., 0.2xSSC at 65°C. 
In each sample, the probe hybridized to a single RNA of about 2.5 kb. The results of 
10 hybridization of the probe to various mRNA samples are described below. 

Hybridization of a Clontech Fetal Multiple Tissue Northern (MTN) blot 
(Clontech, LaJolla, CA) containing RNA from fetal brain, lung, liver, and kidney 
indicated the presence of high levels of CRSP-1 mRNA in fetal brain, lung, and slightly 
lower levels of CRSP-1 mRNA in fetal kidney. However, no significant level of CRSP- 

1 5 1 mRNA was found in fetal liver. 

Hybridization of a Clontech human Multiple Tissue Northern (MTN) blot 
(Clontech, LaJolla, CA) containing RNA from adult heart, brain, placenta, lung, liver, 
skeletal muscle, kidney, and pancreas with a human CRSP-1 probe indicated the 
presence of high levels of CRSP-1 mRNA in heart, slightly lower levels in brain, and 

20 much lower levels in placenta and lung. Some CRSP-1 mRNA was also found in adult 
skeletal muscle. However, no significant levels of CRSP-1 mRNA was observed in 
adult liver, kidney, or pancreas. Interestingly, the chicken gene which is *> 
CRSP-1 was not expressed at detectable levels in liver either (Sawada et al. (1996) Int. J. 

Dev. Biol. 40:531). ,x,™m,w 
25 Further hybridization of a Clontech human Multiple Tissue Northern (MTN) blot 

(Clontech, LaJolla, CA) including RNA from adult spinal cord revealed high levels of 
expression of CRSP-1 in mRNA isolated from adult spinal cord. 

In situ analysis further revealed the following expression patterns when tissue 
sections were hybridized with CRSP-1 probes. CRSP-1 mRNA was expressed in heart 
30 lung, aorta, eye (retina and lens), and brain (cortex) in 14.5 day mouse embryos^ CRSP- 
1 mRNA was expressed in heart, lung, eye (retina and lens), brain (cortical), and 
cartilage (foot, trachea, larynx, head, sternum, and spinal column) in 1 .5 day post natal 
mouse tissues. CRSP-1 mRNA was expressed in brain (cortex, hippocampus, 
brainstem), heart (atria only), eye (retina and lens outer layer) in adult mouse tissues. 
35 Thus, CRSP-1 is expressed in a tissue specific manner, with the strongest 

expression observed in brain, heart, and spinal cord. 
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CRSP-1 protein expression data 
Constructs 

Expression constructs for two forms of CRSP-1 were prepared using the 
mammalian expression vector pMET-stop. Form-1 comprised a cDNA incorporating 

5 the complete 350aa CRSP-1 protein coding sequence (CRSP-1 flag.long) and form-2 
comprised the entire CRSP-1 protein coding sequence except for the final 18 amino 
acids (CRSP-1 flag^hojQ A^tenninal sequence encoding the FLAG epitope 
(DYKDDDDK^SldBed to both J CRSP-1 forms for ease of detection and purification. 
CRSP-1 flag cDNAs were generated by PCR from a full length CRSP-1 cDNA template 

1 0 and ligated into pMET-stop using EcoRl and Sal 1 restriction sites. 

Trial transfection - small scale expression 

Expression constructs for CRSP-1 flag.long and CRSP-1 flag.short were 
transfected into 293T cells using 10 ul of lipofectamine (GIBCO/BRL) and 2 ug of 

15 DNA per well of a 6-well plate of cells which were 70-80% confluent. After 5 hours at 
37°C, cells were fed with 1ml of 20%FCS/DMEM. After incubation overnight at 37°C, 
cells were conditioned in 1ml OptiMEM for 48 hours at 37°C. Samples of supernatant 
and cell pellets were solubilized in boiling SDS-PAGE gel buffer, run out on a 4-20% 
SDS-PAGE gel, transferred to a nylon membrane and probed with the anti-FLAG 

20 monoclonal antibody M2. Samples from both supernatant and pellet samples showed 
significant immunoreactivity within a molecular weight range of 40-65 kDa on 
autoradiographic film using a HRP conjugated secondary antibody and ECL detection 
reagents. Thus, both forms of CRSP-1 tested are secreted from 293T cells thereby 
confirming experimentally that CRSP-1 is a secreted protein. It should be noted that the 

25 molecular weights of both forms of CRSP- 1 tested are greater than predicted from the 
amino acid sequence, suggesting that the CRSP-1 proteins secreted by 293T cells may 
be glycosylated. This is consistent with the presence of four potential sites for N-linked 
glycosylation in the CRSP-1 protein. 

30 Large scale CRSP-1 protein production 

For scale-up of CRSP-1 flag.long protein expression, 30 x 150mM plates of 293T 
cells at 70-80% confluence were transfected with 27 ug DNA, 100 ul lipofectamine in 
18ml OptiMEM for 5 hours at 37°C. 18 ml of 10%FCS/DMEM was added to each plate 
and incubated overnight at 37°C. 24 hours after the start of transfection, transfection 
35 supernatant was aspirated and 35 mis OptiMEM was added to each plate and the plates 
incubated at 37°C for 72 hours. Conditioned medium was harvested, spun at 4000 rpm 
for 30 min. at 4°C, and filtered through a 0.45 micron filter unit. 1 100 ml was passed 
over a 1 .6 x 10 cm anti-FLAG M2 affinity column pre-equilibrated in PBS pH7.4 buffer 
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at a flow rate of 2.0 ml per minute. After washing with 200 ml of PBS pH 7.4 buffer, 
bound material was eluted by a step of 200 mM Glycine pH 3.0 buffer and 0.5 ml 
fractions collected. Upon elution, a significant protein peak was detected by absorbance 
at 280nm. Samples corresponding to conditioned medium, flow through and eluted 
5 fractions were analyzed by Coomassie blue and silver stained SDS-PAGE and by 
western blot analysis as described above. Significant immunoreactivity within a 
molecular weight range of 40-65 kDa was detected in conditioned medium and eluted 
fractions but not in the flow through sample, indicating that the secreted CRSP- 
lflag.long protein bound to the affinity column specifically and was eluted efficiently by 
10 the described conditions. Coomassie blue staining of SDS-PAGE gels suggested that 
the predominant immunoreactive protein constituted >90% of the protein present in the 
bound and eluted protein peak. Peak fractions of eluted protein were pooled and 
dialysed against Phosphate Buffered Saline resulting in a 4 ml volume of recombinant 
CRSP-lflag.long protein at a concentration of approximately lmg/ml. 

15 

Example 2: Isolation And Characterization of Human CRSP-2. CRSP-3, and 
CRSP-4 cDNA 

20 To identify novel proteins related to CRSP-1 , the human CRSP-1 amino acid 

sequence was used to search the private and dbEST databases using TBLASTN 
(WashUversion, 2.0, BLOSUM62 search matrix). From this search, four distinct partial 
protein sequences were identified which displayed significant homology to human 
CRSP-1 . These sequences were designated as partial sequences for the novel hCRSPs; 

25 hCRSP-2, h-CRSP-3, h-CRSP-4 and h-CRSP-like-n. 

hCRSP-2 partial protein sequence was derived from a single dbEST clone with 
accession number AA565546. This clone was subsequently obtained from the IMAGE 
collection and sequenced fully to define the entire hCRSP-2 sequence depicted in Figure 
2. 

30 hCRSP-3 partial protein sequence was derived from a jthKb075alO clone with 

sequence identification code jthKb075alO. This clone was sequenced further and this 
sequence information combined with additional sequences from dbEST using the 
assembly program Phrap (P. Green, U. Washington) to define the entire hCRSP-3 
sequence depicted in Figure 3. RNA for the Millennium clone jthKb075alO was 

5 deposited ffithtfc ^^ 19^3 3 

h-CRSP-4^p!rtial protein sequencers derived from a single dbEST clone with 
accession number W55979. This clone was subsequently obtained from the IMAGE 
collection and sequenced fully to define a hCRSP-4 sequence depicted in Figure 4. 
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h-CRSP-like-n partial protein sequence was derived from a single dbEST clone 
with accession number AA397836. This clone was subsequently obtained from the 
IMAGE collection and sequenced fully to define the entire hCRSP-like-n sequence 
depicted in Figure 5. 



Structure o f the CRSP Family proteins 

An alignment of the amino acid sequences of human CRSP- 1, human CRSP-2, 
human CRSP-3, and human CRSP-4 is shown in Figure 6. Amino acid residues which 
are conserved between human CRSP family members are boxed. The 20 conserved 
cysteine residues are indicated by an asterix. The cysteine-rich domains are indicated as 
CRD-1 and CRD-2. The domain structure of the full length CRSP proteins of the 
present invention are depicted in Figure 7. 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 



